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(UNCLASSIFIED) ABSTRACT

This report analyzes 345 cases of combat damage to U.S. Marine

Corps CH-S3A and U.S. Air Force HH-53B helicopters caused by ground

fire in Southeast Asia, as reported to the Army Materiel Systems

Analysis Agency and Ballistic Research Laboratories (AMSAA/BRL) through

a number of data sources. Tabulated statistics and related analyses

are provided for sorties flown, sorties hit, total hits, distribution
of hits, cir'rumstances of hits, and aircraft systems and components

hit. Data are correlated with respect to crashes, forced landings,

mission aborts, and damage-grounded aircraft. Hit frequency and hit
multiples by weapon types are correlated with aircraft altitude, air-

speed, and other factors; components and system damage are identified

by reactions caused. Observations are compared with those from other

analyses, for similarities with the CH-54, and for contrast with other

helicopters. Comments on passive defense measure- are included.

3 The following page is blank,
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(IINCLASS I1 l.li)) 1. I NTROINITr1ON

The Sikorsky (31-53A "Sea Stallion" shown in Figure I is a twin-

turbine heavy assault tiasport helicopter used by the 1). S. Mar'in

Corps for combat operations and othLr duties in Vietnam. Powered by'

two (eneral Electric To4-6 or T'4-12 engines, the helicopter has a six-

blade 72.2-foot diameter main rotor and a four-blade 16-foot diameter
tail rotor. The dual-wheel tricycle landing gear and tail skid are re-
tractable, and a water-tight hull allows water landings and takeoffs.
A full-size rear opening, with built-in ramp, allows cargo loading and

unloading, facilitated by a hydraulically operated internal cargo
loading system and floor rollers. An external cargo system permits in-
flight sling pickup and release of up to 20,000 pounds without ground
assistance. ror parking configuration, the main rotor blades retract

aft, over the fuselage, and the tail pylon folds up.

The CH-53A is crewed by a pilot, copilot, gunners, and crew chief.
The main cabin accommodates 38 combat-equipped troops on inward-facing
seats and a he!i-team leader. An alternate configuration accommodates
24 stretchers and four attendants. CH-53A's in combat are fitted with
side-door guns, engine air particle separators to protect the engines
from sand and dust, and armor to protect the engines, pilot and copilot,
and hydraulic reservoirs. A general arrangement is shown in Figure 2.

The U. S. Air Force employs the HH-53B helicopter for its Aerospace
Rescue and Recovery Service. The HH-53B is similar to the C!-S3A in
most respects, but it is powered by T64-3 engines and is fitted with a
retractable refueling probe, jettisonable twin auxiliary 450- or 650-
gallon fuel tanks, and a rescue hoist with 250 feet of cable and 600
pounds capacity. Armament consists of three 7.62mm Miniguns, one on
each side at mid fuselage and one by the ramp in the aft fuselage. In
addition to the pilot and copilot, the HH-S3B is crewed by two para-
medics and a flight engineer who operates the guns when other duties

allow.

13
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'he U. S. .*lXyvs CI1-S4A heavy-lift helicopter is similar in Size,

tf not shape, to the (lI/t-s3. They incorporate tho same main and tail

rotor s..tems and tail rotor drive system. Weclianical flight control

elements and primary h.iJraulic systems are essentially the sane, an.d

basic stmilarities can be found ýn the main transmission, oil coolers,

and other features. Both types are used for reccveries and cargo haul-.

ing by sling. Ln the analyses to follow, observations from 11-54A

combat data 1 ' are incorporated where appropriate.

This study analyzes all the reported ground fire hits, their

,'trciunstwices, and their results on CHI-53A and 101-53B helicopters

occurring from Uiauary 19(-7 through June 1969, as reported through a

nui m.ber of sources. Report sources and relative overlaps are listed in

Fable A-I of Appendix A, wtich also presents sample reports from the

major sources of data. The Navy Direct Enemy Action (DEA) reports

obtained from Naval Safety Center, Norfolk, Virginia, provided the

majority of the data fer this analysis, but many cases were reported by

other sourcesrand no single source was complete during the period. DE"

summaries covr.ed about 70 percent of all known cases. The Joint

Services Incident and Damage Reports (JSIDR) covered about a quarter of

the cases, and others covered lesser amounts. It appears reasonable to

assume that some hits may not have been reported through any source, but

certainly known data on all the important hits should have reached

continental U. S. via one route or another.

Available operation data and reported case mission data are pre-

sented in Appendix B. Appendix C presents reported altitude, airspeed,

and flight data reported for the hit-incidents. Appendix D presents

threat data. Appendix E presents summarized systems-damage information;

Appendix F presents aircraft reaction data.

*References are listed on page 76.

16



CONFIDENTIAL

(CONP I DEN FI AL) 2. OPIERATIONS DATA

The U. S. ,arine Corps introduced the CI!-53A to South Vietn.im

operations in Juiuary 1"t7 for use in combat assault and support

missions; the first two reports of hits on C:II-53A's were initiated on

17 January 19t,7. li the first year of C(I-53A operations*, 26,500 sorties

were logged with 10,•00 flying hours for an average sortie time of 24

minutes. Of these sorties, 95 percent were combat-related. The Vietnam

CHI-F.. inventory was 29 aircraft at the end of 1967, aid this quantity

%,as maintained at an average of about 30 possessed aircraft throughout the

period of study. By the end of June 1969, these aircraft had accumulated

about 116,000 sorties in 40,500 flying hours with little change in

axerage sortie time; sorties averaged 19 minutes for 1963 and 21 minutes

for the first half of 1969. Eighty-five percent of the total sorties

%ere combat-related.

The initial increment of U. S. Air Force HH-53B's arrived at tldorn

AB in Thailand in September 1967; the first reported hit occurred on

5 October 1967 during a training flight. The last of six IHH-S3's to be

stationed there arrived in January of 1968. The helicopters joined

IIH-3E and M11-43 helicopters in search and rescue operations in support

of fighter-bomber missions. A typical mission entailed take-off prior

to each strike mission and arrival at an orbit position about 20

minutes before the strike aircraft began their penetration. The heli-

copters refueled from an HC-130 rescue command-and-control aircraft and

remained on station sometimes for several hours. For retrieval of

downed pilots from moderately defended areas, two A-1 escort aircraft

preceded the HH-S3B to suppress enemy fire and locate the downed

personnel, while two additional A-1 aircraft followed at a distance be-

hind the helicopter to attack any ground fire source in the event the

latter received fire from the rear. In more lightly defended areas, the

advance A-l's were not employed. In these regions there was usually a

forward air controller aircraft to locate the downed crew.

* Source of operational data: Office of Chief of Naval Operations
(OPREP-S).

17
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lhe 1111-5311 nventor% for these operations was maint:ai ned at an

average ot six ,aircr•tft through the period under study. During tli l2

month- of 111-S3B operati on, through June 190, the aireraft conducted
2k)5 sorties in ui1,9 fl'ing hours. The early operations in 1I97

we-raged 1.5 houri per sortie, but an average of 2.0 to 2.4 hours per

sortie was maintained through 19(8 and 1969 operations. Of these

';orties, about 6O percent were combat-related in 1968, and all were

combat-related in the first half of 1969.

\ table of (11-53A and III-S-3B aircraft inventory and utilization

during the period of study is presented in Table B-I. In Table B-II

total sorties are broken down by mission types, and in rable B-Il1

combat related sorties (excluding unavailable 1967 data) are presented

on a basis of percent of total sorties.

fable B-iV lists the yearly number of aircraft reported hit, the

total number of hits received during the reporting period, and average

number of hits per sortie hit. In conducting about 116,000 sorties,

336 CH-53A sorties received 763 hits; in conducting 1873 sorties,.9
Hi=-53B sorties received 71 hits. Specific total operational data are

shown in Table I.

Table I. (C) General Sortie and Hit Data (U)

CH-S3A HHI-53B All

Total Flying Hours 40,572 6,169 46,741

Total Sorties 11S,997 2,954 118,951

Combat-Related Sorties 99,073 2,042" 101,115*

Average Sortie Time (hrs) 0.35 2.09 0.39

Sorties Hit 336 9 345

Total Hits 763 71 834

Flying Hours per Sortie Hit 121 685 135

Sorties Flown per Sortie Hlit 345 328 345

Combat-Related Sorties Flown per
Sortie Hit 295 227 293

*Assumed 75 percent of 1967 HH-S3 sorties were combat related.

18
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A first impression of the nine total hit-incidents reported for

22 months of I141-53H operations in comparison to 33t C.I-53A incidents is
that many cases involving the former model may not have been reported.

On the other hand, the Cl0-53.A inver.tory was consistently five times

greater (30 vs 6), and the IfiI-53B missions average six times longer for

each opportunity to encounter ground fire (2 hours vs 20 minutes).
These factors alone could lead to a reporting rate ratio of 30 to one,
with all other factors equal. The actual reporting ratio was 37.3 to one

(336 to 9). Further, the w'-S3.\'s 'ere acctumulating incident reports for
eight months prior to introduction of the lffi-538's. The actual ratio of

sorties flown over the reporting period was 39 to one. On the basis of

these factors, the IilI-53B reported data appear adequately representative.

On a basis of flying hours, the hit-risk for the CH-53A was con-
siderably higher than the risk for the lii-53B, however, on a basis of

total or combat-related sorties, the hit-risk for the two configurations

were somewhat similar. Specifically, on the average, one Q1-S3A sortie

was hit for every 121 flying hours, or for every 345 sorties, or for

every 295 combat-related sorties; one HH-S3B was hit for every 685 fly-

ing hours, but for every 328 sorties, or for every 227 combat-related

sorties.

Yearly totals of sorties hit and total hits are listed in Table

B-IV. The average number of hits per sortie hit was 2.27 for the CH-S3A

and 7.89 for the HH-53B. The high number of hits received in an average

HH-53B incident is due in part to one case involving 25 hits - twenty-

three fragments from an AAA projectile and two caliber .30 bullets;

however, if that case is discounted, the average remains high at 5.8.

The overall average for both types against all encountered threats was

2.42 hits per aircraft hit.

A study of the average number of sorties hit per combat-related

sortie flown is presented in Table B-V. Data are listed for each month

in 1968 and the first half of 1969, with 1967 shown by yearly total

only. As previously stated, on an overall basis, 293 combat-related
sorties were flown for every aircraft hit. On a month-to-month basis,
the ratio fluctuated radically. For example, during May 1968 and

19
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.,11|% x 9it' these alrcr .& t ¢o tduct, d au ;vurage u ' ov1 ,r ",0)00 cumbit ito .,to d

so 1rt e . be t'ore .1i .11 rc ra I't , h t ; Sot' t L',IIIvr an id Nuvwaimb r I 'Jl,01P 8 ,, t. .1,1

gw,'d moat t hIs for avo I %i alg It t s, r.,Then it .in .tlia r ,', I 'h rlia ry , aiaMI ,ipr I I I IE,

and atgailn abrupt l, i, Mlar'h 190(9 these heli copter.s coiducted rl;t I tl.%

few missiions per sortie receiving hits, -is the averages for tliv', m11011th

fe'll to within a rallge of 93 to 18.4 missi o•s between hit-incidtdent .

tte%, ed ofl a yvearly basis., however, thli s rate began at 181 coml':at-r re lat'ed

-orties per aircraft't hit in 19t)7, and improved to 322 sorties in 190,8 and

493 11 the first half ot 1.9t).

hie distributiotn of sorties hit and total hits by mission, or ItasL,

.itre l•ro.cted in lables It-VI and H-VII, respectively, for each weapon

typle encountered. Unfortunately, reports for 44 percent of the cases

did not specify this information. About two-thirds (bb percent) of the

191 cases with mission specified cited resupply as the task being per-

formed at the time hits were received. Just over thrae-fourths of the

resupply tasks involved delivery of on-board cargo and accounted for, SO

percent of the caliber .50 incidents; the remainder involved externally

carried supplies. Sling recoveries (nm.n-rescue) and air-landed assaults

also accounted for significant hit-incidents - 12 and 11 percent re-
spectively. The above tasks entail USMC CII-53A usage only; no USAF

Il!l-53B's were involved in these totals. Other CH-S3A tasks incurring
ground fire hits were reported in lesser percents of the total. Re-

ported missions while receiving hits for the USAF model were: one

training flight and eight rescue missions.

From the data presented in Tables B-VI and B-VII for number of
sorties hit and total hits by mission type, average numbers of hits per

sortie hit were calculated for each of the mission types. These values
are presented in Table B-VIII, broken down by weapon type. The over-

all average for all missions was 2.42 hits per sortie hit. Rescue,

missions had the highest average number of hits and were flown by both
models, but only seven sorties were reported hit. These missions

averaged 7.5 hits per sortie hit, considering all threats; discounting

20
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the 23 iudividual trag-:,tent hits in one case involvci.ng an AAA projectile,

"lhe ,-ure remaitned the highest at 5.b hi's per surtie hit. Second

htghe-t %as training, at 5 hits per sortie hit; however, only one case

was i nkolved. l'htrd highest was sling-recovery tasks, at 3.2 hits per

sortie hit, which encompas.sed 23 cases (about 12 percent of the total

tith mission specified and all caliber .30 incidents). On the other

h:tnd, tile two resupply categories - involving two-thirds of the caseh

in , hich misssion was specified - both averaged about 2.0 hits per

sortie hit. lhle.e two categories combined to account for 83 percent

of the caliber .50 incidents, however, with an average of 4.4 caliber

.So hits per ;ncident.

Slightly less than half of the damage reports did not specify if

the crew knew when their helicopter was hit; only about 35 percent

stated whether or not the crew observed the enemy fire. These data are

presented in Table B-IX. When specified, crews reported knowing they

were hit in 82 percent of the incidents, and observing enemy fire in

about 35 percent.

(CONFIDENTIAL) 3. FLIGHT CONDITIONS

Appendix C presents the reported combat data correlated with phase

and conditions of flight.

Numbers of sorties hit, distributed by flight phase and threat, are

presented in Table C-I. Flight phase was not specified in 10 percent of

the cases. More than half (SS percent) of the cases in which flight

phase was specified involved hits received while en route to or from

the landing, drop, or pick-up zones; 3S percent were hit while operating

in these zones. Seventy percent of those hit en route were operating at

altitudes over 1,000 feet above the ground. Only 3.6 percent of the

aircraft were hit while on the ground (with power on). An additional

few involved hovering and orbiting maneuvers. Encounters with HE

projectiles were more numerous for on-ground, hovering, and take-off

phases. By flight phase, distribution of calibers .30 and .SO weapons

21
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,,nctI1omters r.se'neitfld tihe ove.r:ll Ii threat pahttern.

l'abhe (,*l pl're;elt tile distriibut l lon of total hi t. by fl ight p)h.'an ,

.ind the pattern is sini 'lar to that tor mnwlber of aircraft hit.

Ohe d.tta from VaLb' le's C-I and (-II twere collbllled to obtai I a vs all

numhe r• of hit-s per ;ortte hit for tile various flight phe, a, p re-

sented in1' able C- III. Compared to an overall average of 2.42, the

aver '•e aitu:ier of hits received generally increased as operation.,

1e103V0, grouMld level: 1.9 for en route high (over 1001) feet altititide;

. f.o or" en route lot, tAnder 100(1 feet altltude); 3.1 for landing and
I

d scendii g. Comiparab le averages obtained in a study of ('11-54A dat;a

%%ere very stmitar. hovering, the helicopters were expectedly suscepti-

tle to high numbers of hits, averaging .1.7 hits per sortie hit if IM,.

projectile fragroent hits are excluded, and b.4 hits if they are included.

rables C-IV and LC-\ present sorties hit and total hits, respectivel..,

correlated with reported altitude information. Fifty-eight percent of

the time these aircraft were hit at altitudes above 750 feet. The

altitude band in which these aircraft most often received hits was from

1001 to ISOO feet, accounting for 20 percent of the cases. The altitude

hand below (751 to l0go feet) accounted for 12 percent; the two bands

above (1501 to 2000 feet and 2001 to 3000 feet) accounted for 11 percent

and 12 percent respectively. Hits were sustained from caliber .30

small arms and caliber .50 weapons at altitudes above 3000 feet. One

4-4A projectile caused numerous fragment-hits on an HH-53B at 6000 feet

altitude.

Viewed on a cumulative basis, the incidents for which altitude

was reported were distributed as follows:
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Table 11. (C) Percent of Sorties hit Versus Altitude (u1)

Altitude Specified, Ft. Percent of Sorties [fit

On Ground (Power On) 4
50 and Under 12
100 and Under 18

300 and Under 32
SO0 and Under 39
1000 and Under 53

2000 and Under 84

3000 and Under 96
Comparison of the above data with that available for other heli-

copters is shown in Table III. The CH-53A and CH-54A appear to differ
distinctly from other helicopters in operations and exposure to ground
fire, based on percent of sorties hit at altitudes over 1000 feet.
Despite the small sample, the HH-53B proved identical to the 1H-43
rescue helicopter in this respect.

Table III. (C) Comparative Altitude Data for Various Helicopters (U)

Percent Hit at
Aircraft Type Main Role Service Altitudes Over

1000 Feet
CH-53A Cargo, Troop Transport Marines 47
CH-54A1  Cargo Army 64

CH-343,8 Troop Transport Marines 14
CH-472 Cargo, Troop Transport Army 8

CH-46 3  Cargo, Troop Transport Marines 9

UH-ID4 Cargo, Troop Transport Army 9
UH-lB/C4 Fire Support, Recon Army 7
OH-13 4 235 Recort Army 5

AH-IG6  Fire Support Army 22

HH-53B Rescue USAF 14
HH-437 Rescue USAF 14
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.lt~t ot'i ,A C r.i* ijtie'l'• t" IhltS liC r surtie hit I)) a I Itlitude lhiaId
VV' ' O t l',t Ilied t'eill t lih' dLt .1 IlU .il C.., C IV .4t1d C'-V , auld a'v p" j 'wl'it d

iti I.,!' " I e - i. Lhe -\r.al .I1 I 'I rge of t .'2..-1. I tt,, lift " ,,r t ir t e h1t Ia ttv

I, I Oh r A. he I collteior I ' . ,I t lihe 0 the ./l1' 1 S3., collp:'rt Ilg CI%,t(- ly tI i t.

,i\ I'r , '-, t ' ir l N i',. r hel cIp r I lIrt vrs , ll ort til'tl re .asn fo.r till-, vutt'ri lllgl%

lt, X , ',t I t. 'lt , It' '.t' :t i'Cr it' t a c)rt'dolrmit aalte1l (.1i - :-531A ' i %Sle "

""e '.' at ,U ,t .'AI',t a' ely hig}h alt i tudtes whetn the ma.iori ty Of lilt,

,)CCii:'red. Nor'mal opevr:it ing •ltitlide r:age-; for CII-53A helicopters are

iCdn:t I\ "at |ch haigth'r taiat .l.'e for -,Il:fi Cer heJl li'OJter's wheni engagi.s.ng

1:,',w1 lI 1* e -0 In the vr r,',,pectivi Illissi oills

.h, :i'" I a U i,' l cii thi s factor apparentl•I . a0 t I t ibutes to tile

I ic Iag ot"' the ,te rge number of hi ts can be seen in "l'ahle C-\ I . A

miI,-erit\ of iaicident-r occurring at lowcr altitudes involved many hits.

I lying tithin 100 feet above the ground, the aircraft averaged 3 to 4

hits per incident; between 500 and 750 feet the average was over three

hits per incident. Conversely, averages for altitudes above 10(10 feet

start at 1.97 and decline to 1.40 for altitudes over 300C feet (exclud-

ing lit fragment hits).

Tables C-VlI and C-VIII p~resent sorties hit and total bits, re-

spectixely, correlated with repofted airspeed information, with over

three-fourths of the reports providing these data. The CH-53A's and

lfi-53B's were often travelling at relatively high speeds when hits

occurred. Thirty percent were operating at 101 to 150 knots. Nine

peicent were hit while at zero airspeed. Trends for total hits were

similar. The distribution by airspeed for average number of hits per

sortie hit is presented in Table C-IX, and shows an expected decline

with increases in airspeed. This value ranges from 4.3 hits per

incident at :ero airspeed to 2.0 hits at 101 to 150 knots.

It was established that these aircraft were more often hit at

altitudes above 750 feet (or most often, in the altitude band of 1001

to 1500 feet), and, independent of these data, the most often reported

airspeeds were 101 to 150 knots. Table C-X presents distribution of
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CONFIDENTIAL



CONFII NTIAL

sorties hit by caliber .30 weapons, in combinations of altitude and

airspeed. Associated data for total hits are presented in Table C-XI.

A check of this distribution shows that under each airspeed band (except

:ero knots) a clear majority can be found listed for the altitude band

of 1001 to 1500 feet. The most often reported speed range of 101-150

knots shows a concentration of cases for altitudes of 750 to 1500 feet.

Thus, for caliber .30 incidents it can be shown Lhat the C11/111-53 was

usually flying at 101 to 150 knots and 1001 to 1S00 feet altitude, in

that combination, when hit.

Comparable data for caliber .50 incident--ae shown in Tables C-XII

and C-XIII, but the small sample size precludes any significant inter-

pretations, other than noting a trend toward the higher altitude/speed

combinations.

(CONFIDENTIAL) 4. THREAT

Reported or estimated threat is incorporated in much of the

discussion throughout this report; however the detailed information on

threat is concentrated in Appendix D. Bullet or projectile size was

ascertained or estimated in virtually all reported cases; general type

of weapon was also reported in a majority of cases. Distribution of

the threat ouserv, d in the 34S sorties hit is presented in Table D-I;

eighty-six percent caliber .30 only; 7.0 percent caliber .50 only;

4.3 percent fragmentation devices; and the remaining percentage mixed

threat incidents. Including the overlapping from mixed threat incidents,

88.4 percent of the total sorties received caliber .30 hits, 8.4

percent of the total received caliber .SO hits, and 5.2 percent of the

total involved hits by fragments from explosive projectiles.

Within the caliber ._0 category, sorties hit by rifles appear to

outnumber those hit by automatic weapons by a factor of almost three

to one; however, weapon type was not specified in almost 40 percent of

the caliber .30 cases.
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1.tI t- D -1 .I v-1 "II t thu dti t ri' ut ~ Ion of t otal individiial hits h)

th Ieat . C. I Iber .3o Vponis Caused 78 pje -•l of tit t e' total h1 its . and

Ca IihClr A.A) h• Ijli1.q l, d•,d't.'d 12 percent .I l 'i riiu ting I tnpe nt ltwit-

c.itised by "r'ag.ent s t'i t'.\p los yVe ruuid', and anil AAA project i Le ai r-

hur;t.

t' .hies D-It ,and I-I - present monthly sorties hit and total li ts,

rc,,pettiveIy, for etch of0 the weapon types. lo0. most of tihe 30-motIith

Study , the tber of ,ircraft was maintained relatively constant, but

the lnti~ber ot' soitics hit varied erratizally. Two-thirds of the total

c-Ises occurred during the Second half of 1I(-7 and the first hal t of

it',S. i'he t' r.t .u (1 rt e-r of l908 and 1.9h(0. involved retlativel) aiumt, ) Ii,

cases involving ,.e1ibcr .30 and .50 weapons; the second quarter of

19t8 and the first quarter of 1969 involved 11 of the 19 total l1L

projectile incidents.

quarterly totals of caliber .30 incidents increased steadily

through 1967, to a high of 58 cases during the first quarter of 1968.

Quarterly totals of caliber .30 incidents declined since that time to

a low of 10 cases for the last quarter in the reporting period. Un-

fortunately, a comparable decline in caliber .50 incidents was not

realized; thirty-eight percent of the total caliber .50 incidents

"oacurred in the last 6-month period of the study.

As stated previously, the overall average number of hits per

sortie hit was 2.42. Table IV shows specific averages for the various

weapons over the period of study.

Table IV. (C) Average Number of Hits per Sortie Hit by Weapon
Type (U)

.30 • HE ALL

Cal. .30 Cai .50 -.#, o RACM-TS WEAPONS

l9b7 1.93 3.00 1.95 1.50 1.96

1968 2.24 2.73 2.29 8.38 2.64

1969* 2.38 4.27 2.77 2.11 2.96

* First half only.
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These data indicate a general growth .n the number of hits received

in an average encounter with all reported enemy weapons.

For all sorties hit, hit multiples were as follows:

Number of flits Percent of Sorties

1 58

I or 2 77

1, 2 or 3 85

5 or less 91

over 5 9

Table 0-V presents hit multiples versus threat. With very few

exceptions, in cases where more than one hit occurred, if sufficient

damage occurred to produce an adverse aircraft reaction, only one of

the hits was responsible for the reaction. Over half (58 percent) of

all the reported cases involved only one hit; another 19 percent in-

volved two. The highest number of hits in one incident for fragments was

27, occurring all at once. The highest number of hits by bullets in one

incident was 19 (caliber .30) and two other incidents involved 18 (one

caliber .30 incident and one caliber .50 incident); however, in all

three, an initial hit(s) caused a forced landing which results in

additional hits while on the ground.

The large majority of multiple hits came from caliber .30 weapons.

The percentages of multiple-hit incidents achieved by each separate

threat roughly approximated the percentage of occurrence for that

threat (from Table D-I); i.e., caliber .30 weapons were encountered in

88 percent of the reported cases and obtained 81 percent of the

multiple hits; caliber .50 weapons were encountered in 8.2 percent of

the incidents and achieved 8.6 percent of the multiple hits. It is

noteworthy that the caliber .30 "unknown weapon" group achieved a

respectable number of multiple hits and probably included a high

proportion of automatic weapons.
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lable D-VI present-, hit multiples versus t'light phase. The prub-

abilit. of multtiple hits was somewhat higher for operations close to

the ground; howerv, no )large contrasts are seen zamong the individual

ftlight phases in tendencies; to receive high numbers of hits, (If the

42' percent of the total cases to receive multiple hits, the majority

%.ere hlit "en route" 0.S percent received multiple hits while en route at

1000 fect or lss, and 39 percent received multiple hitsi while en route

over wooX feet). rwo-thirds of the rases hit while hovering were hit by

nultiple hits, but fortunately these cases amounted to only 3.5 percent

of the total sorties hlit.

Reported enemy weapon range data is tabulated in Table D-VWI. Un-

fertunately, range was reported in less than one-fourth of the reportLd

c'ases. No significant observation is possible at this time other than

noting that observed ranges from SO to 200 meters predominated. No

hits were reported from a range of 50 meters or less. Better reporting

of range estimates would have been valuable to a threat analysis, but

most report formats do not include a requirement for this information.

Direction-of-fire data were reported for about one-third of the

individual hits reported; these data are presented in Table D-VIII.

The general patterns of direction-of-fire data for caliber .30 weapons

and for caliber .50 weapons are reasonably consistent with that for

total hits, which is plotted in an azimuth presentation in Figure 3.

By quadrant, the right side of this helicopter received 42.9 percent

of the total hits and the front received 30.4 percent; the left side

received 16.5 percent and the rear received only 9.3 percent. The re-

latively high proportion of hits reported at 3, 4, and 11 o'clock

positions are not the results of one or several cases involving a great

many hits, but were accumulated through imucer.:ýus c:. The rV-n'-

for this predominantly right-side and frontal distribution are not

apparent within the scope of the data reported. It could be suggested,

however, that the location of the pilot and personnel door on the right

side possibly affects the manner in which all models are maneuvered in

the vicinity of the landing zone, a frequent source of grouxmd fire.
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12:00

I hO00 1:00

10-O00\ 2:00

9-00 2240 0

0.9% REPORTED FROM
DIRECTLY BELOW

6-.00

NOTE: ONLY HITS WITH DIRECTION REPORTED ARE SHOWN. HITS RECEIVED
WHILE ON GROUND NOT INCLUDED. DISTRIBUTION IS FOR 30 %
OF TOTAL HITS, 32.5 % OF HITS WHILE AIRBORNE.

Figure 3 (C). Distribution of Reported Hits by Direction (U).
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Further, USAF models carry the rescue hoist over thle personnel door,

requtring disengagement of the right side gun during rescue pick-ups,

while the left and rear guns remain available for suppressive fire.

Distribution of hits by aircraft section or compartment is pre-

sented in Table D-IX and in Figure 4. The actual distribution observed

for the various threats is compared to the predicted distribution,

assuming a uniform pattern of hits distributed by presented area.

This hypothesis appears correct since reasonably close correlation be-

tween expected and actual distribution is exhibited. Similar correla-

tions were obtained for the individual weapon types.

Studies on many other helicopters have virtually till yielded the

same results; hits are uniformly distributed and do not reflect any

concentration due to aiming or other factors.

(CONFIDENTIAL) 5. HITS AND RESULTS BY SYSTEMS AND COMPONENTS

Many of the hits reported for the CH-S3A and HH-53B helicopters

caused inconsequential damage to skin and structure; however 287 (out

of the 834 total) rejorted damage to systems, equipment, and components.

These hits break down as follows:

Number of Hits

Main rotor blades 128

Fuel System 32

Engine Compartments 29

Hydraulic Systems 18

Equipment 16

Transmission System 13

Electrical System IL

Mechanical Controls 8

Avionics 8

Armor 8

Tail Rotor Blades 6

Instruments S

Landing Gear S

TOTAL 287
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The hits are classit'ied by system in Appendix U. A discussion ot

each category t'fo lows:

5.1 l-uel System

Mhe C11-53A (and Mi-53B) fuel system, shown in Figure S, consists

of two suction-type fuel systems with cross-feed provisions. The two

main fuel cells, each with a capacity of 311 gallons, are housed in the

sponsons. The lower third of each cell is caliber .30 self-sealing;

all lines and fittings arc at the top to minimize potential leakage.

Manual fuel control valves allow fuel to be drawn from either or both

cells for direct or cross-feed engine supply. An engine-driven fuel

boost pump on each engine accessory gearbox draws the fuel from the

cells (under a suction head in the supply line) and delivers fuel with

a positive head to the engine main fuel pump. If either or both

engine-driven boost pumps fail, the engines are capable of continued

operation. For range extension, non-self-sealing auxiliary fuel tanks

are installed in the cabin. In addition, the HH-53B is fitted with

a refueling probe; left and right drop tanks, and associated lines.

MiI-53B main fuel cells are completely caliber .SO self-sealing.

Fuel system hits are summarized in Table E-1. There were 25

cases involving 32 fuel system hits.

Key to Figure S

I. HandPumpDrainLine 10. RightFuelSelector 20. Tank Pressure 27. FrontTankVent(Left)
2. Hand Fuel Pump Valve Line (Left) 28. Tank Pressure Line
3. Engine Supply (Right) 11. Front Tank Vent 21. Tank Precheck (Right)
4. Right Fuel Boost Pump 12. Right Fuel CeU Line (Left) 29. Left Fuel Selector
5. PressureRefueling 13. Rear Tank Vent (Right) 22. Preur-eRefueline Valve

Une. (Right) 14. ScupperDraln(Right) Line (Left) 30. Left Fuel Boost Pump
G. TankPressureLine 15. RearTanxvemnet . -- ..... . -4

(Right) 16. Left Fuel Cell (Right) (Right)"7. Fuel Pressure Switch 17. FuelGagingProbes 24. PresasreRefueling 32. Vent Outlet (Water
9. Tank Precheck Line (Left) Panel Operation)

(Right) 18. ScupperDraln(Left) 25. Heater Feed Line 33. Cap(Anti-Siphon Valve)
'). APP Feed Line 19. Pressure Refueling (Right) 34. Vent Outlet (Normal

(Right) Line (Left) 26. EngineSupply Line Operation)
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A total of 19 hits (all caliber .30) were taken in the self-,,eUli1g

inain fuel cells, occurring in a total of 16 cases. Details regarding

resultant le.akaige were generally lacking; however, the helicopters con-

tinued performing their missions in 14 of the cases, including one case

involving two such hits. One case (single hit - Case 80099) resulted

in A mission abort; another (Case 8000 8 j involved three hits on the

main fuel cells and three additional hits on the drop tanks (the air-

craft was a LISAF |11-53B) resulting in a mission abort when all fuel was

lost from both drop tanks. The main cells, however, lost very little

if :uy fuel.

In addition to the above three hits on drop tanks in Case 80008,

one more hit on a drop tank was reported. It too caused a mission abort

(Case '0101) when part of the tank fuel load was lost. It is interest-

ing to note that Case 70101 involved additional fuel system damage in

the form of a pierced fuel supply line for one engine which was

operating under suction conditions and did not leak significantly*.

The second incidence of d&age to a fuel supply line was reported

in Case 90020 and led to a forced landing (after flying on a single-

eagine power to a secure area) after a caliber ,30 bullet passed

through the line and caused the number one engine to fail hrough fuel

starvation.

Damages to a fuel transfer line (probably empty), a fuel vent

line (obviously empty of liquid), a fuel line of unspecified function,

and a fuel heate. line were incurred without adverse affect. The

latter was reported to be bent, but not punctured.

TI....=C: cf tn unsnecified fuel system components, in-

cluding one by a caliber .50 bullet, were reported as leading to forced

landings. In one case, the fuel indicator "went to zero," but no

further details are available on any of the three incidents.

* In view of vulnerability test results on a T64 engine operating with a

simulation of this system, this line must have sustained a very small

cut, possibly by shrapnel and not by the bullet, or cross-feed pro-

cedures were employed but not mentioned in the report.
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1111rLlg thu rellort Ing lp•ellOtO Ih' III- II gilt . I Ik' mole repllorted as.

resulting di rectly from •a bullet or t'',rgi•l:ltlt il).ict ofh tile 01-S3A or

1111-5.3B 3helicopter-.

S.2 Engines

Powerplauts for the 011-53A and 111-5.13B he i '(pters include two each

1"o4 turboshaft engines. "lhere is no significant difference in outward

appearance between the T64-3 engine used on tihe 1111-531 and the -6 or

-12 models used in the 0l-5..\. I'igurc o shows a left-front view of the

1"o4-b engine.

Figure 6. T64 Engine

The T64 engines incorporate a variable-vane compressor, a two-

stage gas generator turbine, and a two-stage power turbine. Output

power is transmitted from the power turbine by means of a through-shaft

which =ns the lenogth nf the engine and protrudes out of the front of

the inlet frame to drive a torque shaft. Both engines on the heli-

copter are identical and interchangeable. An oil tank holding 2.8

gallons of MIL-L-23699 oil mounts over each engine inlet frme; oil

for each engine is cooled by an engine/nose gearbox oil cooler located

beside the respective inlet duct.
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Ii'h engine is protected from sand and dust ingestion by an E~ngine

\ir V'art icle Separator (IlAPS) timit fitted to the inlet duct. A high-

rite'*td. ,Iar'e-t.le t'i\c~d fire extinguishing system provides a means

,,q eltinguigihing fires in either the left or right engine compartments

,tpoi .,elect~on ,rd activation by a cockpit selector switch and control

Yin% I lc. Lxtinguishing agent is bromotrifluoromethane (CI:3 Br). Armor

ti' incorporated into the outboard nacelle panels to partially protect

t'ie engtnes from ground-fire impacts.

IHiere were 25 reported cases with 29 individual hits on the engine

co'nirt.•ent Jl'able E-1l). Five caliber .30 bullet hits in the engine

"tai , pi•,e and nine hits against the cowling were of no consequence to

o'gine function. Caliber .30 bullets struck the EAPS units on four

separate occasions without causing degradation in engine performance;

lo%,ever, ingestion of debris from the wall of the EAPS unit caused

-iinor foreign object damage to the compressor in each instance.

The only reported case involving engine oil system damage was

tase "0220 in which the number one engine was shut down after a caliber

.30 bullet passed through the cabin and struck the engine/nose gearbox

oil cooler fan belt and idler gear, severing the fan belt. Flight was

continued on the number two engine and no adverse reaction was reported

(although the mission may have been accomplished before the hit

occurred).

Detailed description of the damage by the remaining ten engine

compartment hits is not available. These hits were incurred in eight

separate incidents. In two, failure of the damaged engine resulted

after single hits; in four, no loss of power resulted after single

hits, or, in one case, after two caliber .30 hits on the same engine;

in tuo, resultant power degradation, if any, was not reported.

The six cases not resulting in power loss, or with no power loss

specified, did not lead to an adverse reaction, however; both of the

above cases involving engine failure resulted in forced landings:
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Case 8000o involved nt'ber-one engine fai lure ot an IIit-531H when it was

struck by a caliber .30 bullet. and the l~adi ng wa.- accompli shed .,

secure landing zone atfter cuntinued flig ht on thi. Inwller two enine;
Case 90043 involved fai lure of the nutmber-tivo engine on a 01I-53A when

it was struck by a caliber .50 bullet while entering the landing zone;

the aircraft was landed at that location and recovered later.

According to reports, at least five of the nine hits on the engine

compartment cowling struck the engine armor plates. The plates reported-

ly stopped six caliber .30 bullets and two XA projectile fragments

t.ffectively; one caliber .50 armor piercing (Nil) bullet came from below

and went through the edge of an armor plate at station "98 but missed

the engine. Hlits on armor protection are discussed in more detail in

section 5.13 of this report.

5.3 Transmission System

The transmission system transmits engine torque to the rotary wing

(main rotor) and rotary rudder (tail rotor) heads. It consists of two

nose gearboxes, Auxilia-.-y Power Plant (APP) clutch assembly, accessory

gearbox, main gearbox, intermediate gearbox, tail gearbox, and inter-

connecting drive shafts. In addition, two engine/nose gearbox oil

coolers and a main gearbox oil cooler are incorporated. The system is

illustrated in Figure 7.

Power transmission originates at the forward end of the engines.

The engine drive shafts (13,600 RP M) transmit powtr through the nose

gearboxes to the main gearbox and power drive belts for the engine/nose

gearbox oil cooler fans. The nose gearboxes reduce the shaft speed to

6023 RPM for main transmission input. The main gearbox provides the

remaining gear reduction for the main rotor shaft to 135 "_' ±--d •a aear
reduction for the tail drive shaft to 3011 RPM. The main gearbox drives

the main gearbox oil cooler, first stage hydraulic pump, oil pump, and
the accessory gearbox. The accessory gearbox is mounted forward of the

main gearbox. Two generators and the APP clutch are mounted on the

front cover. The winch utility pump and second stage hydraulic pump

are mounted on the rear side of the housing.
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The tail rotor drive shaft transmits torque trom the main gearbox

through the disconnect coupling to the izitermediatt" gearbox, reducing

.,peed slightly to 2298 RI'M and turning the angle ut" drive by approxi-

Umately bO degrees. 'lie tail gearbox provides the remaining gear re-

duction for the tail rotor to 791 R111M and a 90 degree change in drive

direct ion.

Lubricating oil for the above gearboxes is MIL-L-23699 oil. Main

and nose gearbox lubricant is radiator-cooled; the others have no

external cooling provisions. Although each engine and the correspond-

ing nose gearbox share a common oil cooler, oil flow for each is

separated within the radiator.

The APP drive shaft is fabricated from steel tubing; the other

drive shafts are aluninum tubing. Each input shaft for the main trans-

mission incorporates a freewheel unit which automatically disengages

both engines during autorotation or one engine for single-engine

operation in the event of an engine failure.

There were 12 reported cases with 13 hits on the transmission

system. Five combat damage reports cited a total of six hits on the

main transmission. In Case 80044 a caliber .30 bullet penetrated the

transmission and caused a small oil leak; no adverse reaction resulted.

In Case 80164 a caliber .SO bullet struck the transmission; damage was

not specified, but the aircraft continued on its mission. In Case

80155 a caliber .30 bullet entered the bottom of the aricraft and

struck the bottom of the transmission, apparently failing to cause an

oil leak or other significant damage; this aircraft also continued on

its mission. In Case 80101 a caliber .30 bullet punctured the trans-

mis:,iui1 and caused a small oil leak; the aircraft was landed

and a patch was improvised, whereupon the mission was resumed without

further difficulty. Two hits were registered by fragments from an AAA

projectile in Case 80045 and led to a mission abort; one fragment hit

a transmission mount and another gouged the casing after striking a

second-stage hydraulic pilot valve body. The transmission damage was
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minor but the mission was aborted due to hydraulic system damage and

t'.i lure.

Caliber .30 bullets struck the tail rotor drive shaft on four

occasions without causing critical damage. In each case the aircraft

continued on its mission. One report cited complete penetration of

the shatft, another described the dam.'age as a dent one-quarter inch

deep at station 719. Damage was not described in the other two cases.

Caliber .39 bullets struck the transmissior input shafts in two

cases, causing similar damage. In each case tfe bullet hit the drive

shaft coupling and shattered. In Case 70215, ,ute impact caused two

1/4-inch cracks in the transmission and a bullet fragment made a smal)

cut in a first-stage hydraulic line; this aircraft continued on its

mission. In Case 70237 the bullet fragments severed a first-stage
hydraulic line, causing pressure loss which led to a precautionary

landing.

The intermediate tail rotor gearbox was hit by a caliber .30
bullet in Case 70112. Oil splashed out of the gearbox and the "chip

light" came on, but the aircraft continued to fly and was grounded

upon return to base.

5.4 Main Rotor

Each of the six main rotor blades consists of an aluminum spar,

26 sheet aluminum pockets, an aluminum tip cap and root cap, and a
steel cuff which attaches the blade to the rotary wing head. Approxi-
mately one-half of the 26-inch chord is occupied by the spar. The

spar is pressurized with nitrogen, and a pressure indicator at the
root end of the blade serves as a fault detector.

CH-S3 and HH-53 main rotor blades were hit more than any other
system - a total of 128 times. Caliber .30 bullets were responsible

for 121 of the hits without directly causing any adverse reaction.

Of the eleven, caliber .50 hits on the main rotor blades, two occured

in Case 90044 and, combined with 16 other caliber .50 hits on the

aircraft, caused a forced landing (recovered later); the remainder.
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including three in one incident, did not cause mission interruption.
rwo hits by fragments from an AAA projectile did not degrade flying

ability in Case 80045; however other damage combined to cause a mission

abort in this instance. Single hits by mortar fragments occurred on
three occasions without adverse effects. Damage to a main rotor blade

by a single mortar fragment was involved in a mission abort, but the

actual cause of this reaction was the intensity of the ground fire

(Case 90010); the blade damage in this case did not hamper further

flight.

Presumably 128 total hits on main rotor blades created a signifi-
cant workload for the maintenance crews; however, none, including

caliber .50 hits in the spars,were reported as detrimental to flight

capabilities for return flights. Two cases involving single impacts
by caliber .SO bullets were known to cause grounding of the aircraft

(CH-53A SIN 151693 in both instances), and many of the Gcher incidents

may well have had similar results.

5.5 Tail Rotor

Each of the four rotary rudder blades consists of a hollow aluminum

spar, and pockets constructed of sheet aluminum skin with reinforced
aluminum ribs, an aluminum root cap, and a steel cuff. They mount to

the rotary rudder head which is driven by the horizontal shaft of the
tail gearbox. Pitch changes are accomplished through blade links by

movements of a shaft through the tail gearbox.

No hits were reported involving the tail rotor head. Six hits

were taken by tail rotor blades without affecting flight or mission.

These included five hits by caliber .30 bullets and one by caliber .50.

5.6 Mechanical Control Systems

The flight controls consist of the collective, cyclic, and

directional systems, comprising a series of push-pull rods, bellcranks,

servos, pulleys, and cables which transmit control movements of the

collective and cyclic sticks (vertical and lateral direction) and the
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rudder pedal.s (h1,ading control). Layout of these components is

Illtustrated in I igure H. Dual controls are provided. Automatic flight

cottrol can be acconplished by the Automatic Flight Control System

A:CS) mad fine adlustments ii collective and cyclic control are made

t,v usin% -ick trim system which operates through the AFCS. Con-

trul Iowe: .,.t is accomplished hydraulically.

The copilot's collective stick, cyclic stick, "ind rudder pedals

are .iechanicaily linked to those for the pilot. Stick Zad pedal

Cntrol ,aovement is transmitted by a push pull system through

tndividual AFCS servucylinders for power assist and intc the mixing

,XIi t. Yhe mixing unit coordinates the cyclic and collective Inputs

Into control mcve-fents at the hydraulically actuated primary rotary

;,ing tandem ser.-ocylinders, which position the main rotor swa!.hplate

to regulate blade pitch. Movement of the directional control pedals

is transmitted through an AFCS servocylinder and the mixing unit to a

control quadrant and cable system, which regulates the hydraulically

actuated rotary rudder servocylinder, through additional push-pull

rods and bellcranks.

Damage - all by bullets - on mechanical control components was

reported in only seven cases and involved a total of eight hits. (Orne

additional case involved a hit on a flight control servo, a hydro-

necharical component. which is discussed in the next section under

hydraulic system damage.)

The single hit occurring in Case 80003 resulted in non-critical

damige when a caliber .30 bullet struck the bottom of the cockpit,

travelled through the avionics platform, and expended against the

torque tube connecting the cyclic sticks. The impact, occurring while

the aircraft was 1600 feet above the ground, caused a 3/16-inch deep

'Jent in the tube and stung the copilot's hand. The aircraft continued

on its mission.

One of the caliber .50 API bullets encountered in Case 80012

grazed the right side rudder cable and cut two of the seven wire
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I 1,t3 d1k. ih'.. c'h lt. l l reillal ned operat ionalh ;dl' thle fitl't was cutiIllued

. ttitiout intL'errupt toll.

I'hiree reports cited push-pul1 rod damage. Case 810015 involved a

CA.II'. .3ts bullet creas.ing a section of the tail rotor control rod.

the rod remained operat-onal, but the mission was aborted for other

resont. In Case 80054. the aircraft was hit by several caliber .50

i'uLlct-; while on approach. One round enter(-d the forward compartment

and caused "90 percent severance" of two control rods. Under partial

io-s of control, the aircraft was forced to continue the landing

maneuver in an accelerated manner, landing with wheels up. 1t-1 antenna

,rd fluselageý skin datmage was cited, but no further details were

reported. In the third incident, Case 90027, two control rods were

dutmaged by separate caliber .30 bullet. while ,.he aircraft was in a

landing approach 60 feet above the ground. The landing was completed

ja forced landing) successfully but no damage details were given.

Finally, in Cases 80105 and 90044 unspecified mechanical control

components were hit. In the former, damage by one caliber .30 bullet

caused the mission (sling load delivery) to be aborted. In the

latter case, darage was caused by one of a total of 18 caliber .50

bullets hitting the aircraft. A forced landing resulted, with damagcs

to several systems listed as co.uses.

Cases involving mechanical control system damage are summarized

in Table . III.

3.7 Hydraul ic Systems

Power assistance for flight control is provided by three hydraulic-

ally independent systems:

a. The first stage hydraulic system provides power to the top

(outboard) cylinders of the primary tandem servocylinders and the out-

board cylinder of the rotary ruddc; tandem servocylinder. It consists

of a reservcir, mounted in the left side of the main rotor pylon

forward of the main gearbox; a 3000 psi discharge pressure pump, mounted

44

CONFIDENTIAL



CONFIDENTIAL

on the main gearbox accessory drive; manifold, filter, shut-.off valve,

pressure reducer, check valves, restrictors and absociated lines.

First stage hydraultc pressure is supplied to the primary tandem servo-

cylinders at 3000 psi; a pressure reducer supplies 1500 psi pressure to

the rotary rudder tandem servocylinder. The first stage system is

electrically connected by a pressure switch to the second stage system

to prevent shut-off of an operational system if the other experiences

a loss of pressure.

b. The second stage hydraulic system provides power to the bottom

(inboard) cylinders of the primary tandem servocylinders, to one stage

of the forward-and-aft AI:CS servocylinder, to one stage of the lateral

kroll) .VCS servocylinder, and to the single stages of the directional

(yaw) and collective AFCS servocylinders. It consists of a reservoir

mounted in the right side of the main rotor pylon forward of the main

gearbox, a 3000 psi discharge pressure pump, (identical to that for

the first stage, system, but mounted on the accessory gearbox), mani-

fold, filter, solenoid valves, pressure reducer, check valves, re-

strictors, and associated lines. Second stage hydraulic pressure is

supplied to the primary tandem servocylinders at 3000 psi; a pressure

reducer supplies 1000 psi pressure to the AFCS tandem servocylinders.

The second stage system has identical electrical connection and pres-

sure switch provisions as in the first stage system to protect against

shutdown if the other system loses pressure.

c. The utility hydraulic system provides flight control power

assistance to the inboard cylinder of the rotary rudder tandem servo-

cylinder, and to the remaining stage in the forward-and-aft and the

lateral AFCS tandem servocylinders. It consists of a reservoir

mounted forward of the main gearbox, a 3000 psi discharge pressure

pump located on the accessory gearbox, a manifold, fi!ter, shutoff

valve, pressure reducers, and associated lines. Pressure reducers

supply 1000 psi pressure to the AFCS servocylinders and 1500 psi pres-

sure to the rotary rudder tandem servocylinder. If pump pressure

falls to less than 2000 psi, a pressure-operated priority valve
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%.t thin the utility hydraulic manifold closes to assure servocylinder

Ovcration in preferenco to other systems powered by the uti lity system.

\ tiuictional a'rangement of these systems is shown in Figure 9.

In addition to the above flight control functions, the utility

hydraulic system also provides hydraulic power for the following

sý,tems: bl.ade fold, pylon fold, wheel brake, landing gear, overhead

door xnd ramp, engine start, cargo winch, and auxiliary powerplant

t \l'' I.

Lach "of the flight control primary tandem servocylinders consist

,'t" ,o independent cylinders, but sharing a common housing, piston

sh:aft, and input linkage. The top (outboard) cylinder and bottom (in-

board) cylinder are powered by separate hydraulic systems, with each

,%sten capable of nornal operation without increase of control forces

it the other system is not operating. Bypass valves interconnecting

both ztages of the power piston preclude hydraulic lock under these

circumstances, allowing the unit to act as a mechanical link.

The AFCS forward-and-aft and lateral servocylinders are tandem

units also. Both stages of each servocylinder share a common input

and a common stop eliminator. If a servo valve should bind, . shear

pin in the linkage shears and allows the alternate stage to operate,

w'ith separate bypass valves incorporated for each stage.

Each hydraulic system incorporates a pressure indicating system.

Warning of pressure loss is accomplished by illumination of cockpit

warning lights signalling "1ST STG SERVO OUT" (for first stage

hydraulic system failure), "2ND STG SERVO OUT" (for second stage

hydraulic system failure), and "2ND STG TAIL ROTOR SERVO" (for utility

system failure).

Table E-IV presents a summary of reported hydraulic system hits.

rhere were 18 such hits, and all but three produced leaks. Two inci-

dents of hydraulic system damage each involved two hits on separate

":omponents; therefore, the total incidents of hydraulic system damage
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hdlS it). JA.! tinder one-thi rd LS) of theze incidents produce'd adverse

react I.olns: two :m:-- on aborts and three forced landi:.gs. (One air-

c-Atft iai- not reco~ered.)

-7. 1 1 r't Stt Iydratlic Sytem. The first stage hydraulic

system wa-, hit twct, and both hits led tc forced landings with the

a:ircritt being recovered later. One hit ;overed a line and the other

dainaged an unspecified conmponent.

In a third incident, loss of pressure in the first stage system

an'. uti litv system led to an emergency forced landing in enemy

ter.',it.rv, from which the aircrait was never recovered.

"lhe case involving a broken line on a G4-53A (Case 70237) resulted

from second-ary damage by a fragment generated when a nearby drive shaft

coupling was scruck by a caliber .30 bullet. Loss of pressure caused

a precautionary forced landing.

In the second case (Case 80064) a CH-S3A was hit by a caliber .30

bullet *Ahile at an altitude of 2200 feet during a rescue mission, and

the crew chief observed a fire in the tail section. Reversing course,

the pilot began to descend as first stage hydraulic pressure fell to

:ero. Then intense fire was received from the intended landing site,

and the approach was aborted. A second landing site 500 meters away

was chosen and the landing gear was lowered. Just prior to touch-

down, all control system response appeared to be lost, and the air-

craft rotated 90 degrees to the right. The aircraft was then secured

and evacuated. The reported fire was apparently minor and did not

last signiflcantly lorg. The helicopter was later recovered.

In the third incident (Case 90054) a HH-S3B was en route from a

rescue pick-up when it was hit by a 37in projectile on the left side

above the ramp. The projectile exploded, mangling the rear gunner's

leg and tearing a large hole in the opposite side of the fuselage. A

caliber .30 bullet hole in the floor was also noted. Utility hydraulic

pressure was lost immediately, followed minutes later by loss of first
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stage pressure, and tail rotor response was lost. At the time, altitude

was 150 feet AGL; indicated airspeed was 150 knots. Flight continued

one-quarter mile and into a 90 degree left turn in preparation for a

landing in a clearing, and a shallow normal approach was made with

"little or no collective or rudder changes necessary." After flare as

power was eased on, the aircraft began a slow right turn (although full

left rudder was applied). rouch-down was smooth at five knots ground

speed aud the aircraft rolled about 200 feet down a gentle slope before
being stopped with aft cyclic and non-powered brakes. The crew and

survivor were quickly rescued by another HII-S3, but the damaged air-

craft %as not recovered due to its location.

5..2 Second Stage Hydraulic System. The second stage hydraulic

svstem was hit three times in two incidents, resulting in one forced

landing and one mission abort.

In Case 80045, fragments frc., an AAA HE projectile struck a second

stage servo and a line. Damage to the servo did not produce a leak, but

the line was punctured and second stage hydraulic pressure was lost.
The mission was aborted, but a safe return flight followed.

In Case 80081, one of 30 hits by caliber .30 hullets damaged an
unsp-ecified hydraulic sysoem component(s), with subsequent loss of
second stage servo pressure and fluctuating first stage servo pressure.
The pilot was forced to land at a nearby friendly position, where
emergency repairs were performed before a return flight was accomplished.

5.7.3 Utility Hydraulic System. The utility hydraulic system was
damaged by ten hits in a total of nine incidents. A single mission

abort was the only adverse reaction resulting from damage to this
system. Utility hydraulic pressure was lost when damage occurred to
the utility hydraulic reservoir and heat exchanger, and also lines

serving ramp actuators, APP, cargo winch, and landing gear brakes; how-
ever, flight and mission were not affected by the damagc. The mission
abort came about when a caliber .30 bullet struck and penetrated the
tail rotor tandem servocylinder; however, a safe return flight
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(distance unknown) was accomplished with first stage hydraulic power

operating the outboard unit in the damaged tandem servocylinder'.

5.7.4 Other Hydraulic Systems. In addition to the above, damage

by a caliber .S0 bullet was reported occurring to an unspecified com-

ponent in an unspecified flight control hydraulic system. The incident

(Case 90(140) resulted in a forced landing in the field, but hydraulic

systen! damage was not the primary cause.

One additional incident is included in the category involving

hydraulic system damage; however, flight controls were not involved.

In Case 80014 a caliber .30 bullet struck the hydraulic reservoir serv-

ing the main rotor brake and caused a loss of fluid. The main rotor

brake does not include pump-pressurized components, and therefore, the

damage had no effect on flight or mission.

5.8 Electrical System

Table E-V presents a summary of electrical system hits. There were

eleven hits in a total of ten incidents. Eight of the eleven hits

caused damage to wiring alone. The pilot's and copilot's circuit

breaker panels were each hi.t once and another hit damaged an unspecified

electrical compartment. All hits were caused by bullets.

In eight of the ten incidents, the damage did not affect flight or

mission. The other two incidents involved a mission abort and a forced

landing; however, these reactions were caused by damage to other

systems, and the electrical system damage (severed intercom wires and

AFCS wiring) was not sufficient cause in itself to produce an adverse

react ion.

S.9 Avionics Systems

Table E-VI presents a summary of the eight reported hits in this

* Similar damage was reported occurring to a (C-S4 Flying Crane, which
incorporates basically the same flight.control hydraulic systems. Among
other damages, a tail rotor hydraulic line was cut. After the pressure
and return lines in the affected system were blocked off, the aircraft
was capable of flight to home station for further repairs.
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category. I-our produced damage to antennae and couplers; four others

hit the radio compartment. In all cases, flight wa.s continued and the

mi'ýions %ere completed.

5.10 Instrument Systems

rIble E-VII presents a summary of results from hits on instruments.

i',,e hits were reported.

In Case 70266, one of six bullets hitting the aircraft shattered

the copilot's torque meter and cruise guide, without affecting flight

or mission.

In Case 80008, wide-spread damage by 22 individual caliber .30

bullets caused a mission abort. Instruments damaged in this encounter

included the pilot's directional indicator and radar altimeter, the

J-4 compass, and the doppler radome. Damage to these components was

not critical during the return flight.

5.11 Landing Gear System

Table E-VIII presents a summary of five hits on the landing gear

system. Bullets deflated a nose gear tire and lodged in a nose gear

wheel, and perforated main and nose gear struts without causing mission

problems or being detrimental to landings upon return. The landing

gear in these cases functioned normally when lowered for landing.

(A wheels-up landing was reported in Case 80054, but was not

caused by damage to the landing gear. The incident resulted in antenna

and fuselage skin damage and was caused by a hurried forced landing

after control rods were damaged by ground fire. Refer to Section 5.6

for discussion.)

5.12 Miscellaneous Equipment

Table E-IX presents hits on miscellaneous equipment on board the

aircraft. None of these 16 hits caused an adverse reaction.
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S. 13 Armor

The USMC C11-53A is equipped with DPSA-2 dual property steel

iMIL-S-46099) pilot's and copilot's seats and DPSA-2 armor panels

intended to protect the compressor and accessory section of both

engines and the flight control hydraulic reservoirs. Figure 10 shows

CII-S3A armor panels.

The USAF H•-S3B is fitted with the same DPSA-2 pilot's and co-

pilot's seats as on the CH-S3A. Engine and hydraulic reservoir armor,

however, are 6AL4B titanium sheet, (MIL-T-46077). Additional titanium

armor plates are provided to protect numerous other critical components,

including: lube oil coolers, main and accessory transmissions and

intermediate gearboxes, primary AFCS servocylinders, flight controls,

directional controls, and fuel cell sumps. In addition, titanium panels

are installed in the lower nose and cockpit floor. Figure 11 illu-

strates this configuration.

All CH-S3A and HH-S3B armor is designed to protect against caliber

.30 Ball bullets. It is suspected that the seat, engine, and reservoir

armor was installed on CH-S3A's upon or shortly after introduction in

RVN. HH-53B armor was installed at the time of introduction.

Reported hits on armor are presented in Table E-X. A total of

eight reports specified 11 individual hits on armor. These hits break

down to eight hits on engine armor, one hit on copilot's seat armor,

one hit on hydraulic flight control servo armor, and one hit on an

improvised flak "skirt" arrangement. Six of the eight cases involved

CH-53A's, all of which involved hits on DPSA-2 engine armor. These

installations successfully stopped caliber .30 bullets six times, includ-

ing two cali,:r .30 hits on the same armor panel. A seventh hVt. by a

caliber .SO API bullet, caused an armor "failure," although the bullet

failed to hit the engine. Coming from almost directly under the

helicopter, the bullet struck the edge of the panel, perforated one of

the mounting brackets, passed between the engine and the inner wall of

the panel, exited through the top of the nacelle, and broke up against

the rotor head.
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Ihe eighth engine armor hit was included aiuung three separate

.1 rmr panels reported hit in one of the 1111-5!B incident,. A calilber

.30 hullet and a fragment froim an uiknoon si:e VX.\ prluxin ity-fused III

pro.iectile were successfully ;topped by the copilot's )I'SA-2 seat

armor and titanium engine armor, respectively; however, an additional

fragment bounced off the titanium lateral servo armor and severed two

hydraulic lines serxing the unit, and also a number of electrical

wires. rhe immediate purpose of the armor was accomplished, but the

intent %%as not fulfilled because the mission was aborted when the line

damage ultimately resultcd in loss of second stage hydraulic pressure.

In the remaining 1HI-53B incident, a caliber .30 bullet passed

through the fuselage floor and stopped against a flak skirt on which

the tail gunner was standing.

(CONFIDENTIAL) 6. LOSSES AND ADVERSE AIRCRAFT REACTIONS

Appendix F presents reported data relative to CH/Il9-53 losses and
crashes, forced landings, and mission aborts.

6.1 Losses and Crashes

Data available to BRL place CH/HH-53 losses from introduction in
1967 through June 1969 at nine helicopters - eight CH-53A's and one
HI--53B. These incidents are compiled in Table F-I with known detailz
Six of these cases, however, were judged by investigators as pure
accidents with no evidence of battle damage involved; four were caused
by pilot error and two by materiel failures. A seventi a:rcraft was
destroyed in a mortar attack while parked on the ground. These air-
craft losses are not included in this report; accident analysis is
beyond the scope of this study.

The remaining two losses involved operating aircraft. They were
caised by combat damage and are relevant to this study. One was a USMC
CII-53A, the other a USAF HH-S3B.
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The CI-S3A crash (Case 80035) occurred when the helicopter received

a direct hit in the transmission section from a "direct fire weapon"

Just prior to take-off. The aircraft flew about 90 feet down the runway,

relanded, and rolled off the runway, whereupon the tail pylon folded

into the main rotor blades, and the aircraft separated into three sections.

The cabin section was extensively damaged and a post-crash fire was

reportedly extinguished. The pilot and copilot were killed; three other

crewmembers were injured but survived the crash. The exact weapon size

and type, and the kind of damage inflicted were not specified in avail-

able reports; however, it is evident that control system damage occurred,

thus critically impairing controllability of the helicopter during the

attempted take-off and causing an uncontrolled hard landing with major

structural damage. Systems damaged probably included, but were not

necessarily limited to, rotary rudder controls, and impact was apparently

in an excessively nose-down attitude. The decision to procede with the

take-off attempt after being under fire and receiving a hit might be

considered unwise, but other possible alternatives could have been

equally hazardous.

The HH-53B loss (Case 90054) was not a crash, but was the result

of an emergency forced landing in enemy territory where recovery was

impossible. The case is described in Section S.7. It was caused by a

37mm projectile which exploded within the fuselage and tore out numerous

hydraulic lines and/or components, leading to loss of utility hydraulic

pressure, then first stage pressure. The aircraft was landed safely

without tail rotor control and was abandoned. f
Both losses were caused by damage leading to impaired controll-

ability. Threat in both cases was estimated or implied to be greater

than caliber .30.

6.2 Forced Landings

Table F-II presents the synopses of 15 reported forced landings

occurring during the study period. They included 13 CH-53A's and two

HH-S3B's. The following is a breakdown by damage cause:
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Cause Number of Iorced Landings

Hydraulic System 4*

lEng i nes 2*

Mechanical Controls 2i
Fuel System 2***

Precautionary (minor damage) 2

Transmission Oil 1
Mlain Rotor System 1

Unknown Damage 1

TOTAL is

* Inicludes 2 cases with double-system kills.
Single-engine failure in both cases.

• " One with single-engine fuel starvation; one with large loss of
fuel supply.

The leading cause of CH/HH-S3 forced landings was loss of hydraulic

pressure powering flight control systems. There were four cases in this
category:

a. Case 90054 - A loss; discussed in Sections 5.7 and 6.1.

b. Case 80064 - Involved loss of first-stage pressure and fire in

the tail section. After pressure-loss, aircraft controllability was

sufficient to reverse course, approach and retreat from the landing

zone, fly 500 meters to an alternate landing zone and land safely.

(Fire was apparently minor in nature.)

c. Case 80081 - Involved loss of second-stage pressure and

fluctuating first-stage pressure. After pressure-loss aircraft controll-

ability was sufficient to land at a friendly position, where emergency

repairs proved sufficient to allow a safe return to home base.

d. Case 70237 - Involved loss of first-stage pressure. After
pressure-loss, aircraft controllability was adequate to make a pre-
cautionary landing, followed probably by in-field repairs.
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t'wunage to mechanical flight control elements led to two forced

landings. Both cases inve.ved flight control rod damage. In Case

S80054, caliber .S0 bullet, caused near-severance of two unspecified

control rods; under parti il control, the pilot made a very hasty

landing with the landing ,'ear retract,-.'. Damage was light. In Case

90027, in addition tc other less critical damage, caliber .30 bullets i
daunaged two unidentified control rods, apparently without critically

hampering controllability. The pilot elected to land the aircraft at

that location and terminated the flight until repairs could be made.

Dlespite armor protection, two (Il-53A's were forced to land after

bullets struck an engine and caused engine failures. In Case 80006,

a caliber .30 bullet killed the left engine, and the aircraft continued I
on single-engine power to a secure zone to land. In Case 90043, a

caliber .50 bullet struck the right engine and killed it, while addi-

tional dariage to the tail section occurred by fragments from a nearby

B-40 rocket blast. In the latter case, the aircraft was hovering 20

feet above the ground in preparation to land when the hits and engine

failure occurred; the landing was completed under single-engine power.

Damage to fuel system caused two forced landings. In Case 90020,

a caliber .30 bullet cut a fuel line in the left sponson, and the left

engine failed because of fuel starvation. Flight was continued on

single-engine power as the aircraft retired to a secure base. In Case

90050, caliber .30 bullet-damage to unspecified elements of the fuel

system caused fuel leakage and a subsequent forced landing.

Additional forced landings caused by systems damage include: Case

80101, involving oil leakage frcm a caliber .30 bullet-damaged main

transmission (flew to secure zone and landed); and Case 70276, involving

three caliber .30 bullets impacting somewhere in the main rotor system

(forced to land/no details).
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In addition to the twelve above-mentioned forced landings brought
about by specific systems damage, one more came about after unspecified
damage occurred in the cockpit, although no casualty was involved; and
two more developed as precautionary landings after insignificant bullet
damage occurred in the cabin section.

b.3 Mission Aborts

Fifteen mission aborts were reported for aI/HH-S3's during the
reporting period; these cases are presented in Table F-I11. The total

includes three IHH-S3B's an, 12 CH-S3A's. The following is a break-

down by damage cause:

Cause Number of Mission Aborts

Precautionary (minor damage) 3
Fuel System 3

Hydraulic Systems 2
Mechanical Controls I

Main Rotor System 1
Cargo Hook 1
Not Directly Caused by Damage 3

Unknown Damage 1

TOTAL 15

Fuel tank leakage caused three of the mission aborts; flight
control hydraulic system damage caused two more. Control system damage
and main rotor damage caused an additijnal two, and damage to the cargo
hook (while carrying a load) caused another.

In addition to the above eight aborted missions caused by systems

damage, two were aborted because of ground fire intensity in a "hot"

landing zone, and three were aborted as a precaution after minor

bullet damage occurred. Another mission remained incomplete when a

CH-S3A helicopter began evasive action when ".t came under fire, but

started to lose control when the sling load began to oscillate. To
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:.t l , tI Iotd 60(;I0 pound-, of ammunition) wa.s jetti.oiiit-d

11d brkC up on the glround, thus terminating that mission. Final ly,

,,.nc ;:u., ,i ion was aborted for unspecified reasons and damage.

(CONI IDUNTIAL) 7. CASUALTIE!S

Castualties caused by bullets, fragments, and shrapnel were re-

,,orted in 29 of the 345 incidents. Total casualties from these causes

numbered 35, as one incident involved wounds to four passengers, one

inkolved coincident wounds to the pilot, copilot and gunner, one

:,l\'lved iounds to the gunner and copilot, and the remaining 26 cases

involved hounds to single individuals. These break down as follows:

Table V. (C) Wound Casualties Aboard CH/liI-S3 Helicopters (U)

Number
P'crsonnel Wounded Type of Wounds

rilot 2 One foot wound when caliber .SO btv-u?.t
pedal; another, arm laceration.

Copilot 4 Two minor foot wounds; one sh:...,' ,. wou";
one leg wound.

Crew Chief 3 Two very serious, one minor, all by caliber .30
bullets.

6vnner 8 All minor-to-serious wounds by caliber .30
bullets and shrapnel.

Passenger 13 One serious; all by bullets including four
passengers wcunded by one caliber .50 bullet.

Unspecified 5 No details.

TOTAL 35

The toll taken in the crash caused by ground fire (Case 80035) was

two fatalities and three injured, however, combining these casualties

with those from the five crashes judge to be pure accident (from Table

F-I) produces an average of 8.9 fatalities, or 15 injured and killed

per crash.

It is noteworthy that no CH/HH-S3 mission aborts were caused by

casualties, according to reported information. Similar studies on
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other h-lhv.'.ptir % h cvsualtt*e, u~u,1:.al 1-- 0 t1 .halt -.t Lth.

missioui aborts,.

Phe n•ear-absence ut' wounds by metal Jdbr2s fium iml.Act.h in the

cockpit section may have been attributable in part to the extensive use

of fiberglss for fuselage skin and panels in the cockpit.

(CONIN DENT IAL) 8. FREQUENTLY HIlT AIRCRAFT

In maintaining their respective number of assigned aircraft the

services transferred (3l/0l-53's to and from the SEA theater. A count

of helicopters in this data sample by individual reported serial numbers

yields a total of 76 separate aircraft. Most were hit on more than one

occasion, but certain ones were reported hit more frequently than others.

Ten individual aircraft - all CI-53A's - accounted for 33 percent of

the reported hits (and sorties hit) within the study period. To indicate

to some extent the survival potential of the C1-53A in its combat role,

individual comLat histories of these aircraft are synopsized below:

S/N 153276 has hit on 13 occasions by 18 hits, for one mission abort,

between May 1967 and 3 March 1968. It was destroyed while parked at

home base during a mortar attack on S March 1968.

S/N 152408 was hit on 18 occasions by 40 hits, without an adverse

r,'action, between February 1967 and December 1968.

S/N 152409 was hit on 14 occasions by 37 hits, without an adverse

reaction, between January 1967 (first reported hit) and April 1969.

S/N 153277 was hit on 12 occasions by 35 hits, without an adverse

reaction, between May 1967 and Feoruary 1968.

S/l 153714 was hit on 10 occasions by 25 hits, for one forced landing,

between November 1967 and December 1968.

S/N 151698 was hit on 9 occasions by 21 hits, without an adverse

reaction, between August 1967, and April 1969.

S/N 153290 was hit on 8 occasions by 18 hits, without an advt.rse

reaction, between May 1967 and April 1968.
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", :s %,as hit on 8 occa-iuns by 10 hit,,, witi.out in adverte

revct, on, between November 1967 and February 19t)9.

%,'N 154SSO was hit oiL b occasions by 37 hits, for one forced landing,

between March 19(9 wnd June 1969.

q./N 1S3713 was hit on t occasions by 11 hits, without an adverse

reaction, between November 1907 and April 1968.

(CONFIDENTIAL) 9. MAtOR OBSERVATIONS

rhe nu•ber of C1/lilt-53 helicopters in use in the Vietnam theater

during the study period was relatively low, averaging a little over

30 CI-53A's and about 6 lilt-53B's. During the 30-month period studied,

345 sorties were reported hit by a total of 834 hits.

The CH-S3A was used by the USMC for cargo and resupply missions

and as a trocp transport. Such usage required eagagement with the

occasionally heavy ground fire characterizing the in-country threat.

The HH-S3B was used by USAF in rescue missions, which entailed long

periods of orbiting in a safe area while awaiting rescue assignments,

which were fighter-escorted dashes, usually into the out-country

environment with its higher threat levels. These large helicopters

are expensive and for those operating as troop carriers, a relatively

large number of lives depended on their safe operation; therefore, the

craft did not "stand and fight."

"Hot" landing zones we-'e encountered on occasion, and large HE

projectile threats were a constant risk during rescue recoveries, but

priadent policies apparently governed operations with these aircraft,

and such exjosures were accepted only with the intention of minimizing

exposure time.

Despite the smallness of the data sample generated by the pro-

portiona~ely small number of aircraft, analysis discloses the follow-

ing observations:
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.1. Just over one-third of the cases occurred in ur neiar the

landing zone; and, in keeping with prudent policies regarding exposure

to "hot" pick-up and landing zones, a majority (SS percent) of the

sorties hit occurred en route. Seventy percent of those hit en route

(or 47 percent of all sorties hit) occurred above 1000 feet in altitude,

and 59 percent of all sorties hit occurred at airspeeds above 75 knots.

These data compare closely to like information on the CI-54 and are in

distinct contrast to data on smaller helicopters.

b. The above factors are derived from the total sample, which is

97 percent CH-53A data. As such, they serve to explain in part why the

average number of hits per CH-S3A sorties hit was 2.27 - a relatively

low average for a target as large as this aircraft. This was evidently

accomplished by avoiding concentrated firepower when possible, there-

by limiting hits as much as possible to those taken while traveling at

cruise speeds and at higher altitudes. In this respect, however, the

HH-S3B did not fare as well in its mission, averaging 7.89 hits per

sortie hit. Overall average for all cases was 2.42.

c. On a basis of average number of hits per sortie hit, the

urgent, motivated rescue missions proved most hazardous at 7.5 hits

per incident for both models. The relatively Zrequent sling-recovery

missions were also hit heavily, averaging 3.2 hits per incident. In

contrast, two-thirds of all the incidents involved resupply missions

with onboard cargo, and these averaged iust 2.0 hits each, when hit.

d. The USMC CH-S3A was frequently carrying an external cargo by

a sling when it encountered ground fire. The CH-S4 studies indicated

the sling load partially shielded the bottom of the aircraft, but the

advantage was more than offset by a reduction in evasive maneuver-

ability leading to the above-mentioned higher average number of hits

when under such circumstances. CH-53A data tend to support this

observation, and reported accounts definitely confirm the reduction

in evasive maneuverability.

e. Threat encountered by the USMC CH-S3A (336 cases/763 hits) was

caliber .30 bullets most often fired by rifles. Including duplications
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*,,' ,lg 'wit t t " :,' r , 'ed-1 ',t h Il I Ic dt*it; , t Ihtr.at 1.L:. comij' l .'ed ot Sh

"ver~cnt bcaliber .,;0 wa:•on, ,, S percent caliher .5i weapons, and 5

o,•r,'ent .ort tr.i .xid e¢p lo-ive projectilles. On a basis of total hith,

rie zeported c" involvect -8 percent caliber .30, 12 percent caliber

. a, ,nd about 10 percent fragnents from nortars and projectiles.

t. Threat encountered by the USAF l11-53B in three percent of

the total -ases, (9 cases/71 hits) involved caliber .30 weapons in

.-%erv inst.nce, with 22 percent of the IIH-53B cases (2 cases) in-

%olving additional hits by AAA projectile/fragments. On a basis of

total hits, o'S percent here caliber .30, one percent was 37mm, and

31 percent were fragments, although all of the latter occurred in one

Inoident.

g. Two-thirds of the 30-month sample of hit-incidents occurred
in the last half of 19%7 and the first half of 1968, with a downward
trend in activity thereafter, but HE projectile incidents increased

mar~edly at the end of the period, with over half occurring in the
first quarter of 1969. The rate of caliber .50 incidents rose
similarly. Compared to the overall average of 2.42, the average
number of hits per sortie hit was just under 2.0 in 1967, but increased
steadily to just over 3.0 at the end of the study period.

h. For reasons not revealed in reviewing combat damage reports,

a preponderance of hits were received from the front and right side
directions for all weapons encountered. Hits were relatively uniform
in distribution by aircraft section in proportion to presented area.

i. Ground fire caused two losses during the study period - one

CH-53A and one HH-53B. Hydraulic system damage (ani pressure loss)and

subsequent losses in controllability were cited in the HH-53B loss and
strongly suspected in the CH-S3A loss. The HH-S3B did not crash;
it was forced to land where recovery was impossible after a direct
hit by a 37nmm projectile. The crew and a passenger were rescued. The
CII-S3A loss was the result of a crash occurring during an unsuccessful
take-off attempt following damage by a "direct fire" weapon of unknown

si:e while on the ground. The latter case caused two fatalities and
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three injuries. It'. however, all crashe!,, including accidents, are

considered, CI11/UI-53 crashes averaged 8.9 fatalities or 15 injured and

killed combined.

j. Fifteen forced landings (including the above-mentioned loss)

were caused by ground fire damage. Seven were true emergencies with

urgent need to land quickly under imminent threat of control loss or

main transmission failure. Involved were damaged mechanical control

rods, loss of primary flight control hydraulic pressure, and trans-

mission oil leakage. Three other forced landings followed single-

engine flights to secure areas after bullet-damage caused an engine

to fail; two involved direct hits on the afferted engines by bullets,

the third involved a cut fuel feed line and fue. .rvation(fuel cross-

over procedures were not reported employed). The remaining five

forced landings were more or less precautionary in nature. Caliber .30

bullets were capable of producing all of the above causes.

k. The fifteen reported mission aborts were caused by fuel cell

and tank leakage, lost hydraulic pressure, and various other damage

to the aircraft. Mission aborts caused by casualties aboard the air-

craft were notably absent, although a few reports citing casualties

may reflect an oversight in this respect.or else casualties were taken

after mission completion.

1. General observations regarding results of damage to the major

systems were as follows:

Main and tail rotor. These components proved capable of absorbing

damage by caliber .30 (7.62mm) and caliber .50 (12.7mm) bullets and

by fragments, including hits on blade spars, without significant de-

gradation of flyability.

Fuel system. The CIi/HH-S3 engine supply lines, which operate

under a suction head, reportedly received bullet damage twice with a

minimum of fuel leakage and no fires. One case resulted in engine

fuel starvation; in the second, the engine continued to operate.
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'elf-siealing fliel cells often, but not always, sealed after bullet

d:amrage; loss of tuel from non-self-sealing auxiliary tanks cau:,ed two

ntission aborts by 61-53B's.

Voweiv lant. Vulnerability tests on the T64 engine show the com-

pressor section, and lines and components of the engine fuel and oil

s\xtems are vulnerable to caliber .30 (7.6."mm) and larger bullets, and

to fragments from 37rmm projectiles and mortar rounds. I)espite armor

:,.-otection for these areas on CH-S3A's and 1I1-53B's, calibers .30 and

.,30 bullets were able to hit and kill engines without encountering the

arnor. On the other hand, at least four successful (but short) flights

were accomplished on single-engine power. None of the combat damage

repor:s cited an in-flight engine-fire or emplo:-nent of the fire

extinguishing systems. (Accident data, however, reveals a case in which

a bearing failure in one engine caused an in-flight fire which led to

crash-destruction of the airc.aft and five fatalities). Bullet damage

to the engine air particle separator (EAPS) barrels did not critically

damage any engines, but caused ingestion damages sufficient to warrant

engine changes.

Hydraulic systems. Damage to the numerous lines and components in

the three hydraulic systems in the aircraft usually resulted in puncture

and loss of pressure, as would be expected. Loss of utility system

pressure occurred most frequently and was usually tolerated, without

landing prematurely. Loss of pressure in the first stage or second

stage systems was the leading cause for forced landings, despite use

of tandem servocylinders in the critical flight control elements and

the provisions for mutual back-up by the two systems. Despite the

redundancy, lack of adequate separation between many parts of the in-

dependent systems allowed simultaneous malfunctions of two; loss of

hydraulics was considered at least a possible cause in both ground-

fire-caused losses. Two minor in-flight fires were also attributed to

damaged hydrauiic lines or components.
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it is generaliv axiomatic that damagi td thet, I tll icdIlIv eay-

to-deteat primary hydraulic systems is increasingly critical in pro-

portion to aircraft izze, or more specifically, in proportion to the

deg.ree of relianc., oni poier-assistance againslt larger aerodynamic

forces. Moreover, probabilities of fire after damage are generally

greater with higher operating pressures. In these respects, the

CI1'i-3 £:(and the ('l1-:Sf1 carries a disadvantage not fuund on smaller

craft with lighter aerodynamic for,:es.

Mecha.nical control svstem. Critical CI1,1111-53 mechanic-il flight

control elerients, with the exception of the tail rotor control cable,

appeared to bc reasonably safe in the caliber .30 (7.62ma) environment;

however, caliber .50 %l.2.7mm) bullets proved capable of critical

damage to flight-critical control rods. Many of these rods and other

elements are grouped closely together and proved vulnerable, in at least

one case, to double-component damage aid its accompanying possibilities

of compoud controllability problems.

Transmission system. Reported data regarding hits on the various

transmissions and associated drive shafts indicate these items are

safe from catastrophic failures in the environment of 7.62mm bullets

and individual fragments from projectiles; i.e., these threats do not

appear capable of shearing driveshafts of this size, or of destroying

gearing within the transmissions and gearboxes driving the main and

tail rotor systems. Damage resulting in holes in the casings of these

units, and damage to the lines and components in the lubrication oil

systems serving these units, usually resulted in loss of oil, as

expected. Under such circumstances, a forced landing almost certainly

resulted.

Armor installation. A significant weight penalty was paid to r-o-

tect the CH-53A and HH-53B engines, hydraulic reservoir area, pilot,

* Time-to-die criteria have not been determined for oil-starvation of
the CHWHH-53 main transmission and tail rotor gearboxes. Laboratory
vulnerability tests on the CH-S3A nose gearbox resulted in failure of the
input bearing following 10 minutes of operation after loss of oil. By
experimental bearing-package modification this time was extended to
35 minutes.
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VuI %Or, I ot from .t2,imln Ia I h I llets (;rod front mosot non-direct Ii t

tr~igmtflo.iton threat:,). Reported data suggest the following:

I 1n1z.z c '1tmr %t )lqed ,it lea-t eight hilts from prtAb 1l6 .

l Ihg #-g I It t,. Iut I low,'ed at lea:;t two hi t s to do so without

.. tuountertng the aýrmor. Ihe,;e panels protect the highly vulperahle

',l e~ngin:e fue! ;v-ter.i nd comp~ressor from the outboard side and bottom

,-toI','ttri'-, but do not fully protect them from frontal and rearward

at.tiack, .rnd the turbine section and associated oil lines are left

; \ pa.irtal ineasure, this armor protected the engines as
,'011 .JN INO.• ~ble.

2) lyvdrdtlliLj reervoir armor was not reported hit, but the

re'k,•'v',irs were c.qptied a significant number of zimes when primary

'.ht contro \ h'draulic system lines were cut. Presumably, reservoir

A.i g.e is held to be more critical than line damage because the former

,:taln, the system immediately, while the latter leaves a limited number

oft stick imaneuvers available from the reservoir fluid supply before

-'ower-assist is lost, or until an alternate system is employed. Loss

,,f hydraulics, however, was cited in both losses and caused several

:u~rried emergency forced landings.

3) Pilot and copilot seat armor apparently paid off, althou-h

only one seat hit was reported (without injury). Six minor wounds

.,ere reported occurring to pilots' and copilots' arms, legs, and feet.

Cn the other hand, unprotected crew chiefs and gunezs took 11 hits of

which two were possibly fatal. Unprotected passengers accounted for

at least 13 wound-casualties, being hit in various areas of the body,

and at least one of these was possibly fatal.

The USAF HH-53B was fitted extensively with additional armor to

protect a multitude of hydraulic and mechanical control and drive com-

ponents and other vital areas. Out of a total 71 HH-S3B hits, only

one is reported to have hit any of this additional armor. A pro-

Jectile fragment struck an armor panel covering a hydraulic valve body

and failed to penetrate, but it bounded off the panel and cut hydraulic

lines serving the unit, thwarting the intended purpose of the armor.

Other systems provided with some degree of amor protection on the

111 13B were also hit by ground fire.
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IBaed on all reported data, various "risks," or1 rate-s of various

occurrcaces, are presounted for the USK: C1I-53A in Table Vl and for the

IS.\M tt-:3B iii fable \%I.

l'able VI (C) CII-53A Combat Risk for
,January 1907 through June 19wo (I)

Flying Sorties Combat Sorties
hours Flown Sorties flit H Its

Per Flying flour 1 2.8b 2.44 .0083 .0188
'er Sort, :1 lowni 0.35 1 0.85 .(0)29 .000,

Per Combat So.7tie Flown 0.41w 1.17 1 .0071 .*007-
Iler <ortie [tit 121 345 295 1 2.27
Per h1it 53.2 152 130 0.44 1
Ier Caliber 0.50 lilt 418 1196 1021 3.46 7.87"
Per Mhission Abort 1560 4461 3811 12.92 29.35

tor worse)
Per Forced Landing 2898 8286 7077 24.0 54.50

(o worse)
Per Combat Loss 40,572 115,997 99,073 336 763
Per Combat Casualty 1268 3623 3096 10.5 23.8

"Trht vaeu., iz a .tatio, not a veAage time 6ot t:.iA type o6 aoit4 e.

Table VII (C) HH-53B Combat Risk for
September 1967 through June 1969 (U)

Flying Sorties Combat Sorties
Hours Flown Sorties Hit Hits

Per Flying Hour 1 .479 .331 .0015 .0115
Per Sortie Flown 2.09 1 .691 .0030 .0240
Per Combat Sortie Flown 3.02* 1.45 1 .0044 .0348
Per Sortie Hit 685.4 328.2 226.9 1 7.89
Per Hit 86.89 41.61 28.76 .127 1
Per Caliber 0.50 Hit None were reported
Per Mission Abort 1234 591 408 1.80 14.2

(%.r worse)
Per Forced Landing 3085 1477 1021 4.5 35.5

(or worse)
Per Combat Loss 6169 2954 2042 9.0 71
Per Combat Casualty 2056 985 681 3.0 23.7

* Thri vatue i6 a Aatio, not an avu e time jot thia type o6 so'•Le.

69

CONFIDENTIAL



CONFIDENTIAL

(CONF [III NTIAI.) It). COSTLI NTS ON PASSI\I IýI[I'vNSI.

to l,. t, .1'. t Nifleltt Of \'IulIIerjb ii o' f t thc Cie 1 11-53 helicopter is

iiot the purIlo-'e oft th i- stud, ; h,)ever, certai n relevant facturs are

I'eveatted il the combat damage information and are dis,,cussed below.

On the basis of reported data for operations, damage, and losses,

the 11-53 series helicopters produced an admirable survivability record

in the RVN ground fire environment. The aircraft (USMC (1l-53A's in 97

percent of the cases) were exposed to as sefere a threat spectrum as

other, •n.iller helicopters, but their rate of loss from ground fire

iper sorties flown an,: -- :e- hit) was markedly lower. Only two were

lost to groun.I fire, and neither was lost to the principal RVN threat,

".w ieapons ialthough the possiblity certainly exists). Moreover,

neither loss was directly "shot down" in the usual sense; both developed

fron circumstances after hits were taken.

Undoubtedly some operational factors contributed substantially

toward accomplishment of this record. For example, at least for the

CH-53A, "hot" landing zones were often avoided; more aggressive missions,

including escorting the larger craft, were undertaken by the smaller

M}1-1 gunships and Cobras. Prudent operational policies prevented many

hits and held down the average number of hits in an incident. Thus,

when hit, the CI1-53A frequently was operating with considerable altitude

and airspeed where, despite the encumbrance of a sling-load, conditions

were more favorable for maneuvering and safe recovery if difficulties

resulted from ground fire hits. Differences in operational policies

not withstanding, analysis of combat damage effects shows that users of

the CH-S3A (and CH-S4) enjoyed substantially more favorable loss rates

and reactions to systems-damage than those for users of the smaller

helicopters (such as the UI-IlD/H and CH-46) doing similar jobs in the

RVN combat environment. A number of reasons are apparent.

On a large helicopter passive defense is enhanced by many components

which are inherently low in vulnerability just because of their size;
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e.g., larger rotor blades and blade spars, tran-mis.ston gears and ..ha±fts,

and drtveshatfts ,imp ly require larger bullet,; to accomplish a "kill."

A~.gxt ist the';e ('11/1111-S3 components tile 7 .(,2wni bullets., tile principal

RV.N threat, lack sufficient size and energy to cause abrupt disablement

by direct impact; 12.7mm bullets, the chief secondary RVN threat, have

very low probabilitie' to do so.

I'he suction fuel supply system, unique at present to the CtI/!111-53

helicopters, was originally a reliability - oriented innovation; however,

in laboratory tests the system proved to be invulnerable to sustained

fires fr,,t hits by incendiary threats. 'his system is held to be the

prime factor responsible for the absence of ground fire - caused fuel

fires, and, in turn, for the low loss rate for the 0I-53A. Additional

advantageous fuel system features are armor protection (against Caliber

.30 Ball bullets) for the pressurized engine sections, self-sealing for

the main fuel cells, and placement of connecting lines and fittings

above the fuel cells. This latter feature was a safety measure against

leakage, but it also provided shielaing by the mass of fuel in the

cells for the lines and fittings against ground-originated gunfire.

Incorporation of reticulated foam within USAF HH-53B fuel cells further

enhanced fuel fire protection against larger projectile threats, although

the very small number of USAF combat damage reports precluded quantifying

its merits.

The twin engines on these helicopters are partially armored and

are separated by heavy components such as the main transmission, accessory
gearbox, and APP. Although the armor panels allowed bullets to catse

single-engine power loss to occur, successful single-engine flights were

accomplished. No report cited hits on both engines in a single incident,

and no engine fires resulted from ground fire.

A final point is noteworthy regarding the positive passive defense

features in the H-53 helicopters. The installation of copilot's and

pilot's seat armor, together with avoidance of "hot" landing zones,

have probably reduced substantially the possibilities of a crash re-

sulting from serious wounding of the men at the controls. According to
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combat damage analyses for other aircraft, including many with seat

.,rmor installed, such posibilities exist while opeiating close to the

ground, despite the prunence of two operating personnel and dual cui,-

trols. Further, evidence shohs that use of fiberglass for cockpit skin

,uid pane.. has greatly reduced shrapnel wounds in the cockpit area.

Certain negative features of the large helicopter are also revealed.
On oczasion large helicopters carry a large number of personnel. It

.,,lows that a crash can involve the loss of many lives. The highest

toll of lives lost in a helicopter crash in RVN resulted from a CII-53A

,r:rsh, though the incident was a non-combat accident.

l'he large conventional helicopter relies greatly on high-pressure

h~draulic power assistance for flight control, Despite incorporation of
three independent hydraulic systems and tandem servoc linders in the

!I-33 series helicopter, this conglomerate is vulnerable to critical loss

of control from single hits by fragments and small arms. Lines within

separate systems are placed parallel to and in close proximit.: with each

other in nmtuerous places such that a single missile is capable of dis-

abling vital controls by "killing" its primary and back-up hydraulic

service simultaneously. This technique is traditional in U. S. and

foreign aircraft, but in combat this tradition becomes expensive.

Proper, true separation of these "redundant" systems did would have prevented

H11-53B loss, and possibly two (including the ground fire - caused

CH-53A loss), in addition to several hazardous emergency forced land-

ings. The hydraulic systems as arranged on the HH-S3B helicopter have

cost a considerable weight penalty to protect the vita! servocylinders,

and areas vulnerable to double-system kills still remain which are

impractical to protect in the present configuration. Separation by

rerouting these lines would solve the problem.

Although either the pilot or copilot may independently operate

the aircraft through a system of dual .,ontrols, the mechanical control

system is singly ,'-nerable from the pilot's seat aft, i.e., most of
it is not truly a dual system. Dis-'-lement of any of the critical
control functions can be obtained by a single hit on a single component.
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AMl primary flight control rods are located together from the cockpit

to the mkain transriission, thus a single 'itpac:t can damage more than one

control , thereby compounding possible control n.t i lfuict iouls.

The prt)blems associated with ground fire damage to lubritation oil

systems serving critical aircraft components are well documented.

Fragmentation ind small arms threats will easily defeat the casings and
external lube components and lines of the two engines and six critical

gearboxes within the C11/1011-53 propulsion system. Continued operation

after loss of bulk oil or oil pressure can have disastrous results.

Comh-,t Jatage experience with these aircraft show-. that on such

occasions cockpit warning systems were heeded and forced landings

usually resulted; however, a review of accident data reveals cases

where materiel failures similar to those expected following loss of oil

have caused engine turbine blade expulsion, non-extinguishable inflight

engine fires, and crashes (including R.N CI1-53A loss 28 July 1968;

Table F-1). Turbine blade expulsion has caused a serious casialty in

one reported incident, and in one other incident loss of hyd.aalic pres-

sure was followed by a crash fatal to five crewmen. The engine fire

extinguishing system was incapable of extinguishing a fire because the

fire was too far forward in the nacelle in one case and too far aft in

another. The manufacturer indicates that modification action has been

initiated for modification of the CH/HH-53 nose gearboxes which will

greatly improve capabilities of these components to endure the effects

of loss of lubrication oil, and many other partial steps could be taken

to reduce this problem in other components. Ultimately, however, the

problem is best eliminated by designs which incorporate non-circulating

lubricant and which rely on forced air and/or structural conductivity

and other thermal management techniques for heat rejection.

A final comment is worthy of mention regarding a potential improve-

ment to the suction fuel supply system. Small holes in these lines

caused by bullets, even shrapnel, will lead to engine fuel starvation

within roughly 10 to 30 seconds. Such occurrences should be prevented
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(without altering the zero probability of fire in the present system) by

.ipplication of self-sealants on these lines.

(CONF1L)NTIAL) 11. SUlNARY

During the 30-month period studied, 345 sorties were reported hit

by a total of 834 hits. Ctt-S3A's were used by the USMC for resupply and

troop transport within RV.; a smaller number of lUl-53B's were used by the

Ias,\i: in rescue missions, mainly out-country. The threat encountered by

the two models differed accordingly. As a whole the data compare

closely to the limited CII-54 experience, but contrast distinctly with

tho smaller helicopters.

Two losses, IS forced landings and 15 mission aborts were reported.

Only one of tre losses resulted from crash, but the casualty potential

if large helicopters is emphasized by one crash accident whic! killed

13. Both losses to ground fire involved hydraulic system damage by

large projectiles. Of the forced landings, seven were true emergencies

involving damage to control rods, hydraulics ar main transmission.

Compared to the sma1U'-r helicopters the H-S3's appear significantly

less vulnerable. Single-engine flights were accomplished after damage

to the other engine. The aircraft also survived hit-damage to the rotor

blades and blade spars, the main and tail rotor drive shafts and trans-

missions, the fuel cells and lines, the mechanical controls and the

crew. Advantages and weak points from the standpoint of vulnerability,

and possible improvements are discussed in the previous section.

Most noteworthy on the 1-53 is the relative absence of in-flight

fire, which has been the leading cause of loss (and personnel fatalities)

on all other aircraft. This absence of fires is attributed largely to

the suction fuel boost system, which is unique to the H-53. While it

was installed to improve reliability, its advantages in safety and

survivability appear no les.s significant. It is technically feasible to

equip any aircraft with such a system. In view of the findings in this

report, therefore, serious consideration is recommended for use of suction
systems for fuel boost in other turbine powered rotary and fixed wing aircraft.
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S A M I' I. I

"NAVY DIRECT ENEMY ACTIUN REPURT

RI I1 tl'W R I110L'}C-Sb 1 27, 10000-I1:i:!L - -RUCI LSA.
z.!• I. |'| I

III RIItiI\AW .1 ' ,1 271208
\) 11!11

R 2•0851Z Step 0i7
I M l %IRiiI.Vltl IRON rOUR SI X THREE
to IIt" I I SA,'N:% A:VNSAFCi N
ItNt) 0ill NA \A/CNO
Rill IBIIB/M .NA A1RSYSCttQl
Rllt" '1110A/t 1 Ir
RIICIIIGrA •'E. !.M rl,

1%1• I\II\ kt).\ \VA I R PAC

lIU.\ 1IP\ 'COMF'\ I RWlSsTPAC
:1 N 'I0; F.A '
Rt 11. 1BRB, C,; I'l1I RDI %.\A

)'./\• tm .":,\
BI".

iiCI.LAS 1 I: F 0 FOLIO
FOR< CM) CN Ol) )P- F AND 01C CODE AAP
PRLI.t'I\IiN.R't/SUP 1'IEN1ARY lMSG RPT OF ACFT INCIDENT7
A. OI'NtVINST 37S0.6F
1. 25 SEPT lv67 120011 DAY
2. CHI-53A 152413 !IMIt-463 31-681

PAGE TISO RUMtMAW 426B UNCLAS E F T 0 FOUO3. BT 000 3S0

4. FRANK J. CAPT 0782S1 USMC 7564 ACTIV GOLF
S. FOUR CREW MEMBERS NO INJURY
6. ECHO ONE (1) ROUND 50 CAL ENTERED THE CABIN STARBOARD SIDE AT STA
619 WL 1S1 AND EXPENDED AFTER STRIKING AFT SUPPORT BARCKET FOR THE
ii F RADIO AINTENA COUPLER AT STA 633 WL 169
7. LOGISTIC CARGO 3.S FLIGHT TIME
S. N/A
9. THE AIRCRAFT WAS ON AN APPROACH AT THE TIME 50 CAL FIRE WAS
RECEIVI)
10. N/A
11. NONE
12. N/A
13. N/A
14. N/A
15. DIRECT ENEMY ',CTION
16. ,/A

BT

SAMPLE
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S A M P L h"

,".' ,.: " . :'.=:v'.g :':re ony (no h.•t) complete Items
A -n.. :. (telephone or TWX requirement Items A

2. r-." ze:-vizg :nits co:-.plete entire form (tele-
hone or: requirement Items A th ;ugh G).

3. T2ep!p.one (TCC', Tan Son :hut 2614.

4.. ol:cmmpleted :crs for items required to Cdr,
":th A'r Force, AW.!N: DI-DISB, APO 96307. Weekly
consoliuate mailing is required.

A. .Z IPORI, D_______________:

"C. D..ete A/2 S:;.

3. Date/Time of inciient__

4. A/C Type, .a'olel, Series

5. Coord. of Fire (N.T GRID)

B. AiC~AF2 ACTIVITY: (Circle one underlined item only)

"1. Take off from: a. Landing Zone b. Pickup Zone c. Base

2. Landing to: P.. Landing Zone b. Pickup Zone c. Base

3. Target Attack: a. Approach b. Withdrawal c. On Target

4. Enroute: a. Level b. Climb c. Descend

C. AlTITUDE: Estimated Aircraft & Absolute Altitude When Hit (Feet)

D. TYE FIRE RECEIVED:

Weapon Type: a. Small Arms b. Auto Weapon

c. Other (Specify) -

2. Caliber: a. Cal. .30 b. Cal. .50 c. 20:=

d. 37= e. Airburst t. Other (Specify)_..

SAMPLE
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S A M P L E

E. :ýNVESITY OF FIRE (Circle one):

I. Light (1-10 Rounds) 2. Moderate (11-25 Ro-a-cS

3. Intense (25 Rounds or More)

F. HITS: Number of Individual Hits

G. AIRCRAF REXACION (Circle one):

i. Continued to Fly; Mission Completed.

2. Continued to Fly; Mission Not Completed.

3. Forced to Land; Insn/Quick Fix/Took Off.

4. Forced to Land; Later Destroyed.

5. Forced to Tan-; Later Recovered.

6. rashed; Aircraft Recoverable.

7. Crashed; Aircraft Not Recoverable.

H. CAUSES: System Hl' Causing Aircraft Reaction (Circle One)

1. Engine 5. Main Rotor

2. Transmission •. Power Train

3. Fuel System 7. Casualties

4. Controls

I. ARMAMENT:

1. Was any aircraft armament being employed at time of hit? Yes No

2. What type weapon(s) were being employed at time of hit? (Spec-
ify)

3. What type aircraft armament systems aboard aircraft? (Specify)

SANPLL
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SAMPLE

"..". Fir nrop 2... Cr:: Co

2.X-l•c .Psvwar 15. LýgT

S. .,Uz .ecy 9. Cmd & Cnt 16.Lo Cgo

:'A•C 0. Defol 17. Close Air Spt

5. Ca. Evac !I. RDF/Elec 18. Photo/Infra-red

a. Lolax 1-2. SLAR 19. Other (Specifa)

13. Combat TC

K. A.. SPEE: Air Speea at time of hit (knotW)?_

" ... -.:__?_____:_"_._e_._. 2. Position

M4 RCtZ.D FIEI:F.%TD;

" Source Observed? Yes No

2. Direction of Enmey Fire (O'clock position) ........

3. .Type of ProJectile that hit aircraft? (Circle one)

a. Steel C acket b. Tracer c. Incendiary

d. :---or ?iercing e. Other (Specify)

4. Estimated Range of Source (Meters)

5. Aircraft Heading

N. NUMBER & TYPE ESCORT A/C: Armed Unarme
. Type-Number or

Fixed Win
Rotary Wi•g

0. NJMBER ON BOARD A/C: 1. Passengers - 2. Crew

SA NP L -
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SAMPLE

P. P2SIZZON 3F :ALLIALTIES: ________

Fatal Non-Fut•. .. ic:. - _-

3. C:-'w ChilQ:"
4i. C=, -. a r -. er
5. P.-ssn-rs ____ ______ _________6. Observer...

F7or additiional casualties use the remarks sect.ion.)

H. PROJZCTILE ENTRANCE LOCATION (Write in Number of Hits):

Top Bottom lft Right Center

1. Nose & Cockpit

2. Pass. Comn.

3. Eriine Corp.

4. Wing o- MYain Rotor System

5. Tail -'-pennage or Tail Rotor

R. EX'ET. OF DAM!AGE & REMARKS: (Describe damaged components, especially those
causing A/C reactions other than continue to fly. I .,2lude effectiveness of
self-sealing tanks, body armor, and recommended tact.cs that might prevent
similar damnge.)

SAMPLE
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________ ________SECTION A LOCATION4 AND TIME

SECTION 9 . AIRCRAFT?

_ _ SCTION C - DAMAGE CLASSIFICAT ION
* ~...I *SO DASSI .. -..1 ... .DA0tt1. cc14. AcCIOSMI a,2 H N - ma~aE 8.1 AU HA-t)

SCC'.ION1 0 -OF'ERATOQ AND/Oft OPERATOES

OV0I'1.1 -a.5of T's 4cc,0.va, 0 PLv0' ..*Tuc Tom vLOT 0 co...01 0 Ac,' co-a~oh.

... s.C~ sa-NUIC.U0, an doSCE S S tS U

-4 1. a ocoSTc.CS4, A* P-*. Xa.) I* ONOURI(A1.I To 501C. £55155.5

.44I" 11 lAecag ECS6 1.T *?TWAT AT IM p&O

SECTION 9 INJURIES

.5.4.... OF t..L. CAW"S Op miNURY

* *..STOTAL.O

101.1 OTAI_ T'llAI

* ~CtR TOTAL TOTAL 530 I S ECTIOTA ROT ARUWISE Is~ FCO S 5?SA STO LTISP SUWT

- ~~SECTION H.US DACTOIS

SECTION.O I -- ETE

* o610 Poton~ ALIT 1SASISE SUSPECTR NOE NEO

SECTIN J 0 SECtlTION OF *NHA DAMAGE o od

SETO A N OSIPTN OFL IHP(EM 5.3

* Sb OlEJN4] SWuSUSARV 3,?5 A72470 232Pae

:,a ---" -4 am0"]"l,*n sho co.0" a ~otos



ASSREVIATID AIRCEAPT ACCIDENT/C@MaAT SAMAOE REPORT PORN PO6 COMBAT ASIA

SECTION J SEDSCAIPTI@N SIP MISHAP wfttm

SECTION K -PINOING1

SECTION L - STATEMENT OP APPOINTING AUTI401TT/UNIT LOMMANDEE

SECTION N. AP'"OVAL SLOCK

-SARV ~232



A66111VIATSO AIRCRAFT ACCIONNY/CONGAT @an"e3 REPORT FORM FOS COMOAT ARIA

___________________ SECTION H . AIRCRAFT COMSAT DAgAGI

notna. j.

lap,? c .. AGa..

LIFT

O0.. raof .? a Lap? "CAN

0 MG.? slog 0Lai? FRONT

oi,0. *CAN 0 ""a

LAUCIKK

?*K..-, all

IVRAG"T BUBO LEVgL 
CA0

.02C U.

USA1C 0 . J0 M LEa.

L. Lt8 J 0 069u SAWEI90S'9



I AMPLZ

SIKORSKY FIELD REPRESENTATIVE'S REPORT
COMBAT DAMAGE INCIDENT REPORT

Where additional space La 200", indicate with an asterisk and continue on
the reverse side, referoncql Line No.

Line No.

I Aircraft Type Aircraft serial number

2 Unit Date of Incident

3 Incident occurred on flight of day. Incident was the during the flight.

4 Missios type Location

S Formation type_

6 Number of aircraft in formation Position of aircraft

7 Pabs number Flight Phase

8 Nimber & type of armed escorts

9 Was prestrike performed? Type of crew protection

10 Was incident detected when it occurred? Was enemy fire observed?

11 Was fire returned? Was return fire effective?

12 What type of projectile hit?

13 Number of hits

14 Aircraft -caction to hit_ _ _ _ __ _ _ _

iS Number of hits responsible for aircraft kill

16 Aircraft altitude above ground at which incident occurred ft.

17 Airspeed kts.

18 Direction of enemy fire o'clock. From abov or below

t9 Weapon caliber and type

20 Ammunition type Range of enemy fire Y__ _ _

21 For each hit during the incident list:
Projectile W/L B/L Side Projectile W/L B/L Side
Entrance Exit
Compartment & Compartment &
Station No. Station No.

Hit No.

(1)

(2)

SAMPLE
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SAMPLE

SIKORSKY FIELD REPRESENTATIVE'S REPORT

tIIe No.

.2 Give for each hit the system hit, the component hit, components damaged, whether

leakage, sevee or other malfunction occurred and effect of hit on the mission

23 Did fire or explosion occur on aircraft? What caused it?

24 Was armor protection hit? Where?

2s Was armor adequate?

20 List Injuries, casualties and causes

Date Field Representative
Sikorsky Aircraft

SAMPLE
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(UNCLASSIFIED) AIRCRAFT REACTION CODE AND DEFINITIONS

DEFINITVONS

For Purpose of Coding in the Aircraft Combat
Data Analysis information Recall Program

HOS-ILE INCIDENT: Any hit(s) by any projectile(s) or missile(s) on an
aircraft (or its contents) with power on - usually
in flight but including hits while awaiting on the
ground powered and manned. Excludes hits on parked
aircraft, pure accidents on combat (or ron-combat)
missions or in combat territory and accidents caused
by combat events other than weapon hits.

CRASH: A hostile incident "esulting in an uncontrollable
landing, i.e., the aircraft is incapable of being
governed, guided or restrained at touch-down.

FORCED LANDING: A hostile incident, not a crash or mission abort,
resulting in a landing prior to its intended time
or in prevention of takeoff as intended or subsequen,
landing in place other than original destination
(includes various shades between emergency hard
landings with severe damage to pure prechutionary
landings for damage inspection and resumption of
flight and mission).

MISSION ABORT: A hostile incident which disrupts intended mission
or flight plans but does not prevent return to home
base, i.e., not a crash or forced landing.

CONTINUED TO FLY (CF): A hostile incident which disrupts neither the
intended mission nor the flight plans to destination
(s) and returu home.

AIRCRAFT GROUNDED (AG): Special case of "continued to fly" with damage
of a type or magnitude that the aircraft cannot
reasonably undertoke another flight without being
repaired.
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REACTION CODES (EMPLOYED WITH THIS REPORT)

LB: Forced to land; aircraft destroyed as a result of the incident.

LE: Forced to ltnd; aircraft destroyed by enemy.

LS: Emergency forced landing; successful autorotation or power-on
landing with serious damage implied either by hit or in landing;
later recovered and/or repaired.

L9: Forced tc land; aircraft evacuated.

LS: Forced to land; aircraft repaired later, possibly after evacuation
or in field delivery of parts and maintenance crew.

1.6: Forced to land; aircraft flown to nearby secure area and repaired
there.

U: Forced to land; quick fix without additional tools or parts,
followed by continued flight to base.

L2: Forced to land; aircraft inspeuted; flight resumed without repairs.

LO: Forced to land without obvious reason (extent of damage incon-
sistent with necessity of forced landing).

LU: Forced to land; outcome unknown.

MA: Mission aborted due to projectile damage to aircraft.

ML: "Airrraft flown to nearby secure area." (Precautionary lar.ding-
type reaction -- no other information.)

MX: Mission abort not due directly to combat damage, (e.g., aborted

after being hit pvtncipally because of weather, ground fire

intensity, or other factors).

MP: Mission abort without obvious reason. (Nature of damage incon-

sistent with mission abort.)
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OPERATIONS, CHRONOLOGY OF OCCURRENCES, MISSION (U)
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TABLE B-I (C) SOUTHEAST ASIA INVENTORY AND UTILIZATION
FOR CH-53A and HH-53B BY MONTH (U)

USMC CH-53's USAF HH-53's CH-53 & HH-53
No. of Flying No.of No.of Flying No.of No. of Flying No.of

Year Month Sorties Hours A/C Sorties Hours A/C Sorties Hours A/C

1967 Apr not reported Unk
May not reported Unk
Jun 52 Unk Unk
Jul not reported Unk (HH-53 monthly (Incomplete
Aug 119 Unk Unk data unavailable without KH-53
Sep 1042 Unk Unk for 1967) data)
Oct 545 Unk Unk
Nov Unk Unk Unk
Dec Unk Unk Unk

Total
(12 Mo.) 26,538 10,621 Unk 179 261 Unk 26,717 10,882 Unk

1968 Jan 3,624 1,178 30 137 247 5 3,761 1,425 35
Feb 3,670 1,895 29 444 689 5 4,114 2,584 34
Mar 2,853 1,012 28 112 271 6 2,965 1,283 34

Apr 2,729 1,023 28 129 250 6 2,858 1,273 34

May 2,352 967 30 138 340 6 2,490 1,307 36
Jun 3,947 1,066 30 121 190 5 4,068 1,256 35

Subtotal Avg. Avg. Avg.

(6 Mo.) 19,175 7,141 29 1,081 1,987 5.5 20,256 9,128 34.5

Jul 4,399 1,646 25 190 310 6 4,589 1,956 31

Aug 4,149 1,843 29 183 373 6 4,332 2,216 35

Sep 5,177 1,383 33 188 367 6 5,365 1,750 39

Oct 6,255 1,590 30 142 367 6 6,397 1,957 36

Nov 6,565 1,826 28 140 384 6 6,705 2,210 34

Dec 8,012 1,870 29 144 401 6 8,156 2,271 35

Subtotal Avg. Avg. Avg.

(6 Ho.) 34,557 10,158 29 987 2,202 6 35,544 12,360 35

lotal Avg. Avg. Avg.

(12 mo.) 53,732 17,299 29 2,068 4,189 6 55,800 21,488 35
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TABLE B-I (C1 SOUTHEAST ASIA INVENTORY AND UTILIZAIION
FOR CH-53A and HH-53B BY MONTH (U) (Continued)

USMC CH-53's USAF HH-53's CH-53 & HH-53
No. of FlyinE No.of No. of Flytng No.of No. of Flying No.of

Year Month Sorties Hours A/C Sorties Hours A/C Sorties Hours A/C

1969 Jan 6,696 1,738 29 83 234 6 6,779 1,972 35
Feb 4,89? 1,695 31 99 223 5 4,996 1,918 36
Mar 4,247 2,808 31 113 305 7 4,360 3,113 38
Apr 5,894 1,930 31 159 340 7 6,053 2,270 38
May 6,288 1,836 30 123 314 8 6,411 2,150 38
Jun 7,705 2,645 26 130 303 8 7,835 2,948 34

Total Avg. Avg. Avg
(6 mo.) 35,727 12,652 30 707 1,719 7 36,434 14,371 37

Grand Total
For Study 115,997 40,572 - 2,954 6,169 - 118,951 46,741
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TABLE B-IV (C) SORTIES HIT BY YEAR (U)

Sorties Hit
1967 1968 1969 Total

USAF HH-538 1 6 2 9

USMC CH-53A 138 144 54 336

Total Sorties 139 150 56 345

Total Hits

USAF HH-53B 5 6- 3 71

USMC CH-53A 267 333 163 763

Total Hits 272 396 166 834

Average Hits Per Sortie Hit

USAF HH-53B 5.00 10.50 1.50 7.89

USMC CH-53A 1.93 2.31 3.02 2.27

Total 1.96 2.64 2.96 2.42
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TABLE B-VI (C) SORTIES HIT BY MISSION VS THREAT (U)

Number of Sorties Hit
.30

.30 Auto .30 All All All
Mission Rifle Wpn Unk .30 .50 HE Unk To~al

Air-Landed Assault 6 6 5 17 2 2 21

Medical Evacuation 1 1 1 2
Feconnaissance 1 1 1
Recoverv (Sling Load) 14 7 2 23 23
Rescue 1 5 3 9 2* 10
Resupply 64 13 9 86 9 3 96
Resupply (Sling Load) 13 8 7 28 2 1 30

Test Flight 1 1 1
Trztning 1 1 1
Troop Lift 7 1 8 1 8
Troop Extraction 1 1 1
Unknown 11 3 115 129 16 9 1 151

Total 118 45 142 305 29 19 1 345**

*ATnZudes one direct hit by HE projectiZe.

**!nZus nine sorties hit by mixed threats.

Percent of Sorties Hit
.30

.30 Auto .30 All All All
Mission Rifle Wpn Unk ,30 .50 HE Unk Total

Air-Landed Assault 5.61 14.29 18.52 9.65 15.38 20.00 10.34
Medical Evacuation 4.70 0.57 10.00 1.03
Reconnaissance 0.93 0.57 0.51
Recovery (Sling Load)13.08 16.67 7.40 13.07 11.86
Rescue 0.93 11.90 11.11 5.11 20.00 5.15
Resupply 59.81 30.95 33.33 48.86 69.23 30.00 49.48
REsupply (Sling Load)12.15 19.05 25.94 15.91 15.38 10.00 15.46
Test Flight 2.38 0.57 0.51
Training 2.38 0.57 0.51
Troop Lift 6.54 2.38 4.55 10.00 4.14
Troop Extraction 0.93 0.57 0.51

Total 100.CC 100.00 100.00100.00 100.00 100.00 100.00
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TABLE B-VII (C) TOTAL HITS BY MISSION VS THREAT (U)

Number of Hits

.30
.30 Auto .30 All All All

Mission Rifle Wpn Unk .30 .50 HE Unk Total

Air-Landed Assault 8 12 6 26 8 2 36
Medical Evacuation 1 1 1 2
Reconnaissance I 1 I
Recovery (SL) 26 35 12 73 73
Fescue 1 41 10 52 23* 75*
Resupply 94 29 20 143 45 9 197
Resupply (SL) 24 19 11 54 3 1 58
Test Flight 3 3 3
Training 5 5 5
Troop Lift 18 3 21 2 23
Troop Extraction 2 2 2
Unknown 18 6 242 266 41 51 1 359

Total 192 153 302 647 97 89 1 834

*Includes one direct hit by HE projectile.

Percent of Hits

.30
.30 Auto .30 All All All

Mission Rifle Wpn Unk .30 .50 HE Unk Total

Air-Landed Assault 4.60 8.16 10.00 6.82 14.29 5.26 7.58
Medical Evacuation 1.67 0.26 2.63 0.42
Reconnaissance 0.57 0.26 0.21
Recovery (SL) 14.94 23.81 20.00 19.16 15.37
Rescue 0.57 27.89 16.67 13.65 60.54 15.79
Resupply 54.02 19.78 33.33 37.54 80.36 23.68 41.48
Resupply (SL) 13.79 12.93 18.33 14.18 5.36 2.63 12.21
Test Flight 2.04 0.79 0.63
Training 3.40 1.31 1.05
Troop Lift 10.34 2.04 5.51 5.26 4.84
Troop Extraction 1.15 0.52 0.42

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE B-VIII (C) AVERAGE NUMBER OF HITS PER SORTIE HIT BY

MISSION VS THREAT (U)

.30 .30 HE

.30 Auto Unk All HE Dir.

Mission Rifle Wpn Wpn .30 .50 Frags Hit Total

Air-Landed Assault 1.33 2.00 1.20 1.53 4.00 1.00 1.71

Medical Evacuation 1. 1. 1. 1.

Reconnaissance 1. 1. 1.

Recovery (By Sling, 1.86 5.00 6.00 3.17 3.17

Rescue 1.00 Z;.20 3.33 5.78 22.00 1.0 7.50

Resupply 1.47 2.23 2.22 1.66 5.00 3.00 2.05

Resupply (Sling) 1.85 2.38 1.57 1.93 1.50 1.00 1.93

Test Flight 3. 3. 3.

Training 5. 5. 5.

Troop Lift 2.57 3.00 2.63 2.00 2.88

Troop Extraction 2. 2. 2.

Unknown 1.64 2.00 2.12 2.08 2.56 5.67 2.38

All Missions 1.63 3.40 2.14 2.13 3.34 4.89 1.00 2.42
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TABLE B-IX (C) CREW KNOWLEDGE OF AIRCRAFT HIT (U)

A. Crew Knew When Hit

Sorties Percent

Yes 155 44.93

No 34 9.86

Unspecified 156 45.21

Total 345 100.00

B. Observed Ground Fire

Sorties Percent

Yes 42 12.17

No 79 22.90

Unspecified 224 64.93

Total 345 100.00
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(CONFIDENTIAL) APPENDIX C

FLIGHT CONDITIONS (U)
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TABLE C-I (C) SORtTIES HIT BY FLIGHT PHASE VS THREAT (U)

Number of Sorties Hit

.30

.3U Auto .30 All All All Unk
Flight Phase Rifle Wpn Unk .30 .50 HE Wpn Total

Climb Out 4 2 14 20 1 21
En Route Low 19 9 22 50 2 2* 52*
En Route High 58 15 35 108 13 1 119
Orbiting I 1 1 2
Hovering 3 3 3 9 2 3 12
Descending 8 2 24 34 3 37
Landing 7 7 6 20 4 2 25
On Ground 2 4 6 5 11
Taking Off 6 6 14 26 2 3 1 31
Unknown 10 1 20 31 2 2 35.

Total 118 45 142 305 29 19* 1 345**

*I,:•es or.e dir-e--t hit by HE projectile.
**AT.7.,des nine sorties hit by mixed threats.

Percent of Sorties Hit

.30
.30 Auto .30 All All All Unk

Rifle Wpn Unk .30 .50 HE Wpn Total

Climb Out 3.70 4.55 11.48 7.30 5.88 6.77
En Route Low 17.59 20.45 18.03 18.25 7.41 11.77 16.77
En Route High 53.70 34.09 28.68 39.42 48.15 5.88 38.39
Orbiting 0.93 0.36 3.70 0.65
Hovering 2.78 6.82 2.46 3.28 7.41 17.65 3.87
Descending 7.41 4.55 19.67 12.41 11.11 11.94
Landing 6.48 15.91 4.92 7.30 14.81 11.77 8.06
On Ground 1.85 3.28 2.19 29.40 3.55
Taking Off 5.56 13.64 11.48 9.49 7.41 17.65 100.00 10.00

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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rABLE C-1i (C) TOTAL HITS BY FLIGHT PHASE VS THREAT (U)

Number of Hits

.30
.JU Auto .30 All All All

Flight Phase Rifle Wpn Unk .30 .50 HE Unk Total

Climb Out 5 5 34 44 1 45
En Route Low 40 43 34 117 14 3* 134
En Route High 94 28 77 199 23 222
Orbiting 1 1 4 5
Hovering 3 20 13 36 6 35 77
Descending 19 24 61 104 13 117
Landing 7 9 26 42 27 8 77
on Ground 3 4 7 35 42
Taking Off 10 20 30 60 2 5 1 68
Unknown 10 4 23 37 8 2 47

Total 192 153 302 647 97 89* 1 834

one direct hl by HE projectile.

Percent of Hits

.30
.30 Auto .30 All All All

Flight Phase Rifle Wpn Unk .30 .50 HE Unk Total

Climb Out 2.75 3.36 12.19 7.21 1.15 5.72
En Route Low 21.98 28.86 12.19 19.18 15.73 3.45 17.03
En Route High 51.64 18.79 27.60 32.62 25.84 28.20
Orbiting 0.55 0.16 4.49 0.64
Hovering 1.65 13.42 4.65 5.90 6.74 40.23 9.78
Descending 10.44 16.11 21.86 17.05 14.61 14.87
Landing 3.85 6.04 9.32 6.89 30.34 9.20 9.78
On Ground 1.65 1.43 1.15 40.23 5.34
Taking Off 5.49 13.42 10.75 9.84 2.25 5.74 100.00 8.64

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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rABLE C-ilt (C) AVERAGE NUNBER OF HITS PER SORTIE HIT BY

FLIGHT PHASE VERSUS THREAT (U)

.30 .30 HE

.30 Auto link All HE Dir
Flight ?hase Rifle Wpn Wpn .30 .50 Frags Hit Total

Unknown 1.00 4.00 1.15 1.19 4.00 1.00 1.34

Climb Out 1.25 2.50 2.43 2.20 1.00 2.14

En Route Low 2.10 4.78 1.55 2.34 7.00 2.00 1.00 2.58

En Route High 1.62 1.87 2.20 1.84 1.77 1.87

Orbiting 1.00 1.00 4.00 2.50

Hover 1.00 6.67 4.33 4.00 3.00 11.67 6.42*

Descending 2.38 12.00 2.54 3.06 4.33 3.16

Landing 1.00 1.29 4.33 2.10 6.75 4.00 3.08

On Ground 1.50 1.00 1.17 7.00 3.82**

Taking Off 1.67 3.33 2.14 2.31 1.00 1.67 2.19

Overall 1.63 3.40 2.14 2.13 3.34 4.89 1.00 2.42

*Average for Hover - 4.67 excluding HE.
**Aerage for On Ground - 1.16 excluding HE.

115

CONFIDENTIAL



CONFIDENTIAL

TABLE C-IV (C) SORTIES HIT BY ALTITUDE Vf THREAT (U)

Number of Sorties Hit

.30
.30 Auto .30 All All All

Altitude Feet Rifle Wpn Unk .30 .50 HE Unk Total

Unspecified 13 1 24 38 3 3 1 45
Zero 2 4 6 5 11

I - 25 1 2 5 8 3 5 13
26 - SO 1 9 10 2 11
51 - 100 7 5 7 19 1 20

101 - 200 6 6 9 21 1 3* 24
201 - 300 6 3 9 18 18
301 - 400 3 2 3 8 8
401 - 500 4 3 4 11 11
501 - 750 4 2 2 8 1 9
751 - 1000 13 4 16 33 3 35

1001 - 1500 25 7 26 58 3 61
1501 - 2000 11 6 11 28 5 32
2001 - 3000 15 3 13 31 6 36
Over 3000 7 1 8 3 1 11

Total 118 45 142 305 29 19 1 345**

l*Inudes one direct hit uy HE projectiZe.

**Inc•Ldes nine sorties hit by mixed threats.

Percent of Sorties Hit

.30
.30 Auto .30 All All All

Altitude Feet Rifle Wpn Unk .30 .50 HE Ulnk Total

Zero 1.90 3.39 2.24 33.33 3.67
1 - 25 0.95 4.54 4.24 3.00 11.54 33.33 4.33

26 - 50 0.95 7.63 3.74 13.33 3.67
51 - 100 6.67 11.36 5.93 7.12 3.85 6.67

101 - 200 5.71 13.64 7.63 7.86 3.85 13.33 8.00
201 - 300 5.71 6.82 7.63 6.74 6.00
301 - 400 2.86 4.55 2.54 3.00 2.67
401 - 500 3.81 6.82 3.39 4.12 3.67
501 - 750 3.81 4.54 1.69 3.00 3.85 3.00
751 - 1000 12.38 9.09 13.56 12.36 11.54 :1.66

1001 - 1500 23.81 15.91 22.03 21.72 11.54 20.33
1501 - 2000 10.48 13.64 9.32 10.49 19.22 10.66
2001 - 3000 14.29 6.82 11.02 11.61 23.07 12.00
Over 3000 6.67 2.27 3.00 11.54 6.67 3.67

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE C-V (C) TOTAL HITS BY ALTITUDE VS THREAT (U)

Number of Hits
.30

.30 Auto .30 All All All
Altitude/Feet Rifle Wpn Unk .30 .50 HE Unk Total

Unspecified 13 4 27 44 9 12 1 66
Zero 3 4 7 35 42

1 - 25 1 11 15 27 13 13 53
26 - 50 7 31 38 3 41
51 - 100 14 31 31 76 18 94

101 - 200 12 29 15 56 1 4* 61
201 - 300 10 9 13 32 32
301 - 400 4 7 3 14 14
401 - 500 10 20 9 39 39
501 - 750 5 4 19 28 1 29
751 - 1000 30 12 31 73 15 88
101 - 1500 44 12 61 117 5 122
1501 - 2000 15 9 23 47 8 55
2001 - 3000 17 5 20 42 20 62
Over 3000 7 7 7 22 36

Total 192 153 302 647 97 89* 1 834

*Includes one direct hit by HE projectile.

Percent of Hits
.30

.30 Auto 30 All All All
Altitude/Feet Rifle Wpn Unk .30 .50 HE Unk Total

Zero 1.68 1.45 1.16 45.46 5.47
1 - 25 0.56 7.38 5.45 4.48 14.77 16.88 6.90

26 - 50 3.91 11.28 6.30 3.90 5.34
51 - 100 7.82 20.81 11.28 12.60 20.45 12.24

101 - 200 6.70 19.46 5.45 9.29 1.14 5.19 7.94
201 - 300 5.59 6.04 4.72 5.31 4.17
301 - 400 2.23 4.70 1.09 2.32 1.82
401 - 500 5.59 13.43 3.27 6.47 5.08
501 - 750 2.79 2.68 6.91 4.64 1.14 3.78
751 - 1000 16.76 8.05 11.28 12.11 17.05 11.46

1001 - 1500 24.58 8.05 22.19 19.40 5.68 15.88
1501 - 2000 8.38 6.04 8.36 7.79 9.09 7.16
2001 - 3000 9.50 3.36 7.27 6.97 22.73 8.07
Over - 3000 3.91 1.16 7.95 28.57 4.69 I

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE C-VI (C) AVERAGE NUMBER OF HITS PER SORTIE HIT BY

ALTITUDE VERSUS THREAT (U)

.30 .30 HE
.30 Auto Unk All HE Dir

Altitude, Feet Rifle Wpn Wpn .30 .50 Frags Hit Total

Unspecified 1.00 4.00 1.13 1.16 3.00 4.00 1.00 1.47

Zero 1.50 1.00 1.17 7.00 3.82

1 - 25 1.00 5.50 3.75 3.86 4.33 2.60 4.42

26 - 50 7.00 10.33 3.80 1.50 3.73

51 - 100 2.00 6.20 4.43 4.00 18.00 4.70

101 - 200 2.00 4.83 1.75 2.75 1.00 1.50 '1. 2.57

201 - 300 1.67 3.00 1.44 1.78 1.78

301 - 400 1.33 3.50 1.00 1.75 1.75

401 - 500 2.50 6.67 2.25 3.55 3.55

501 - 750 1.25 2.00 9.50 3.50 1.00 3.22

751 - 1000 2.31 3.00 1.94 2.21 5.00 2.51

1001 - 1500 1.76 1.71 2.35 2.02 1.67 1.97

1501 - 2000 1.36 1.50 2.09 1.68 1.60 1.72

2001 - 3000 1.13 1.67 1.54 1.35 3.33 1.72

Over 3000 1.00 1.00 2.33 22.00 3.27*

Overall Avg. 1.63 3.40 2.13 2.12 3.34 4.89 1. 2.42

*Average for "Over 3000" - 1.40 excluding HE.
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TABLE C-VII (C) SORTIES HIT BY AIRSIEED VS THREAT (U)

Number of Sorties Hit
.30

.30 Auto .30 All All All
Speed (Knots) Rifle Wpn Unk .30 .50 HL Unk Total

Unspecified 34 13 21 68 5 6 1 79

Zero 5 3 7 15 3 8 23

1 - 50 9 9 20 38 2 3 43

51 - 75 10) 6 25 41 2 42

76 - 100 24 9 35 68 11 77

101 - 150 36 5 34 75 6 2* 81

Total 118 45 142 305 29 19* 1 345**

*Includes one direct hit by HE projectile.
**Includes nine sorties hit by mixed threats.

Percent of Sorties Hit
.30

.30 Auto .30 All All All

Speed (Knots) Rifle Wpn Unk .30 .50 HE Unk Total

Zero 5.95 9.38 5.79 6.33 12.50 61.54 8.65

1 - 50 10.72 28.12 16.53 16.03 8.33 23.08 16.16

51 - 75 11.90 18.75 20.67 17.30 8.33 15.79

76 - 100 28.57 28.12 28.92 28.69 45.84 28.95

101 - 150 42.86 15.63 28.09 11.65 25.00 15.38 30.45

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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T.01.I: C-VILI (C) TOTAL HITS BY AIkSPEiED VS THREAT (U)

Number of Hits
.30

.30 Auto .30 All All All
Spoed (,Knot-,) Rifle Wpn IiUuk .30 .50 HE Unk Total

i': ec ji.d 44 45 22 ill 11 18 1 141

,ero 6 20 .7 43 13 43 99

-- 23 4.2 71 13b 20 5 161

51- 75 16 16 58 90 2 92

"1- lO 48 22 75 145 30 181

"!- 50 '5 8 59 122 15 23* 160

i'L.kI 192 153 302 647 97 89* 1 834

.... .. .b..... :. y pr,:, c c Ze.

Percent of Hits
.30

.30 Auto .30 All 41l All
Speed (Knots) Rifle Wpn Unk .30 .50 HE Unk Total

Zero 4.05 18.52 6.07 8.02 15.12 60.57 14.29

I - 50 15.54 38.89 25.36 25.38 23.25 7.04 23.23

51 - 75 10.81 14.81 20.71 16.79 2.33 13.27

76 - 100 32.43 20.37 26.79 27.05 41.86 26.12

101 - 150 37.17 7.41 21.07 22.76 17.44 32.39 23.09

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE C-IX (C) AVERAGE NUMBER OF HITS PER SORTIE HIT BY
AIRSPEED VERSUS THREAT (U)

.30 .30
.30 Auto Unk All HE Unk

Airspeed, Knots Rifle Wpn Wpn .30 .50 Frags Wpn Total

Unspecified 1.29 3.46 1.05 1.64 2.20 2.83 1.00 1.77

Zero 1.20 6.67 2.43 2.87 4.33 5.38 4.30

1 - 50 2.56 4.67 3.55 3.58 10.00 3.67 3.74

51 - 75 1.60 3.67 2.32 2.20 1.00 2.19

76 - 100 2.00 2.44 2.14 2.13 3.27 2.35

101 - 150 1.53 1.60 1.74 1.63 2.50 22.00 1.99

Overall Avg. 1.63 3.40 2.13 2.12 3.34 4.89 1.00 2.42
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rABLE C-X (C) sOriES HIT BY ALTITUDE VS AIRSPEED -

CALIBER .30 (U)

Number of Sorties Hit

Specified Airspeed, Knots
A/S 1 51 76 101

Altitude, Feet Un. 0 - 50 - 75 - 100 - 150 Total

Uinknown 33 1 2 2 38
Zero 6 6

1- 25 6 1 7
2t, 50 1 4 6 11
51 -100 3 8 5 1 2 19
101 -200 1 2 5 3 6 4 21
201 -300 3 2 8 5 18
301 - 400 1 1 1 3 2 8
401 - 500 1 4 2 3 1 11
501 - 750 2 1 4 1 8
751 - 1000 3 5 5 9 11 33

1001 - 1500 6 3 7 20 22 58
1501 - 2000 5 2 3 10 8 28
2001 - 3000 7 1 3 10 10 31
Over 3000 2 2 1 3 8

Total 68 15 38 41 68 7j 305

Percent of Sorties Hit

Specified Airspeed, Knots
A/S 1 51 76 101

Altitude, Feet Unk 0 - 50 - 75 -100 - 150 Total

Zero 42.86 2.24
1 - 25 42.86 2.63 2.62

26 - 50 2.86 10.53 8.00 4.12
51 - 100 8.57 21.06 12.83 1.52 2.67 7.12

101 - 200 2.86 14.28 13.16 7.69 9.09 5.33 7.86
201 - 300 8.57 5.25 20.51 6.67 6.74
301 - 400 2.86 2.63 2.56 4.55 2.67 3.00
401 - 500 2.86 10.53 5.13 4.55 1.33 4.12
501 - 750 5.71 2.56 6.06 1.33 3.00
751 - 1000 8.57 13.16 12.83 13.63 14.67 12.36

1001 - 1500 17.14 7.89 17.95 30.30 29.33 21.72
1501 - 2000 14.29 5.26 7.69 15.15 10.67 10.49
2001 - 3000 20.00 2.63 7.69 15.15 13.33 11.61
Over 2000 5.71 5.26 2.56 4.00 3.00

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE C-XI (C) TOTAL HITS BY ALTITUDE VS AIRSPEED -

CALIBER .30 (U)

Number of Hits

Specified Airspeed, Knots
A/S 1 51 76 101

Altitude, Feet Unk 0 - 50 - 75 100 - 150 Total

Unknown 37 1 4 2 44
Zero 7 7

1 - 25 25 2 27
26 - 50 7 15 16 38
51 - 100 8 55 8 1 4 76

101 - 200 3 8 9 10 19 7 56
201 - 300 7 6 8 11 32
301 - 400 2 1 4 5 2 14
401 - 500 9 13 5 11 1 39
501 - 750 3 1 23 1 28
751 - 1000 11 14 12 15 21 73

1001 - 1500 6 2 11 28 33 37 117
1501 - 2000 7 5 6 20 9 47
2001 - 3000 9 3 3 16 11 42
Over 3000 2 2 1 2 7

Total Mii 43 136 90 145 122 647

Percent of Hits

Specified Airspeed, Knots
A/S 1 51 76 101

Altitude, Feet Unk 0 - 50 - 75 - 100 - 150 Total

Zero 16.67 1.16
1 - 25 59.52 1.47 4.48

26 - 50 9.46 11.03 13.11 6.30
51 - 100 10.81 40.43 9.30 0.70 3.28 12.60

101 - 200 4.05 19.05 6.62 11.63 13.29 5.74 9.29
201 - 300 9.46 4.41 9.30 9.02 5.31
301 - 400 2.70 0.74 4.65 3.50 1.64 2.32
401 - 500 12.16 9.56 5.81 7.69 0.82 6.47
501 - 750 4.05 , 1.16 16.08 0.82 4.64
751 - 1000 14.87 10.29 13.95 10.49 17.21 12.11

1001 - 1500 8.12 4.76 8.09 32.57 23.07 30.32 19.40
1501 - 2000 9.46 3.64 6.98 13.99 7.38 7.79
2001 - 3000 12.16 2.21 3.49 11.19 9.02 6.97
Over 3000 2.70 1.47 1.16 1.64 1.16

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

123

CONFIDENTIAL



CONFIDENTIAL

-r,\tLsE C-XLI (C) SORTIES lilT BY ALTITUDE VS AIRSPEED -
CALIBER .50 (U)

Number of Sorties Hit

Specified Airspeed, Knots
A/S 1 51 76 101

Altitude, Feet Unk 0 - 50 - 75 - 100 - 150 Total

Ur.Known 3 3
Zero

I - 25 3 3
26 - 5o
51- 100 1 1

101 - 200 1 1
201 - 300
301 - 400
401 - 500
501- 750 1 1
751 - 1000 1 1 1 3

1001- 1500 1 2 3
1501 - 2000 2 1 1 1 5
2001- 3000 5 1 6
Over 3000 1 2 3

Total 5 3 2 2 11 6 29

Percent of Sorties Hit

Specified Airspeed, Knots
A/S 1 51 76 101

Altitude, Feet Unk 0 - 50 - 75 - 100 - 150 Total

Zero
1 - 25 100.00 11.54

26 - 50
51 - 100 50.00 3.85

101 - 200 16.67 3.85
201 - 300
301 - 400
401 - 500
501 - 750 9.09 3.85
751 - 1000 50.00 9.09 16.67 11.54

1001 - 1500 9.09 33.33 11.54
1501 - 2000 100.00 50.00 9.09 16.67 19.23
2001 - 3000 45.45 16.67 23.08
Over 3000 50.00 18.18 11.54

Total 100.00 100,00 100.00 100.00 100.00 100.00 100.00
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TABLE C-XIII (C) TOTAL HITS BY ALTITUDE VS AIRSPFZD -

CALIBER .50 (U)

Number of Hits

Specified Airspeed, Knots
A/S 1 51 76 101

Altitude, Feet Unk 0 - 50 - 75 - 100 - 150 Total

Unknown 9 9
Zero
I - 25 13 13

26 - 50
51 - 100 18 18

101 - 200 1 1
201 - 300
301 - 400
401 - 500
501 - 750 1 1
751 - 1000 1 12 2 15

1001 - 1500 3 2 5
1501 - 2000 2 2 3 1 8
2001 - 3000 11 9 20
Over 3000 1 6 7

Total 11 13 20 2 36 15 97

Percent of Hits

bpecified Airspeed, Knots
A/S 1 51 76 101

Altitude, Feet Unk 0 - 50 - 75 - 100 - 1r0 Total

Zero
1 - 25 100.00 14.77

26 - 50
51 - 100 90.00 20.45
101 - 200 6.67 1.14

- 300
- 400

401 - 500
501 - 750 2.78 1.14
751 - 1000 50.00 33.33 13.33 17.05

1001 - 1500 8.33 13.33 5.68
1501 - 2000 100.00 10.00 8.33 t.67 9.09
2001 - 3000 30.56 60.00 22.73
Over 3000 50.00 16.67 7.95

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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(CONFIDEN"rIAL) APPENDIX D

TET (U)
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TABLE D-I (C) FREQUENCY OF WEAPON TYPES REPORTED (U)

Sorties Hit

Projectile Type Weapon Type Number Percent

Caliber .30 Only Rifle 117 33.9

Caliber .30 Only Automatic Weapon 44 12.8

Caliber .30 Only Unknown Type 136 39.4

All Caliber .30 Only All Types (Sub-total) 297 86.1

Caliber .50 Only Automatic Weapon 23 6.7

HE Fragments Mixed Types 15 4.3

Caliber .30 & Caliber 50 Mixed Weapons 5 1.4

Caliber .30 and Mortar Mixed Weapons 1 0.3

Caliber .30 and HE Mixed Weapons 2 0.6

Caliber .50 & Explosive Round Mixed Wtpons 1 0.3

Unknown Unknown 1 0.3

Total All Types 345 100.00
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TABLE D-II (C) DISTRIBUTION OF HITS BY WEAPON (U)

Wedpon Type Total Hits Percent

Caliber .30 Rifle 192 23.0

Caliber .30 Automatic Weapon 153 18.3

%'aliber .30 Un~known Weapon 302 36.3

Subtotal 647 77.f

C1aiber .50 Automatic Weapon 97 11.7

81--m Mortar Fragments 2 0.2

Unknown Mortar Fragments 31 3.7

37mm Projectile (direct hit) 1 0.1

Unknown Projectile Fragments 55 6.6

Unknown Weapon 1 0.1

Total 834 100.00
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TABLE D-11 (C) NUMBER OF SORTIES HIT- THREAT VERSUS MONTH (U)

.30
.30 Auto .30 All All

Year Month(s) Rifle Wpn Unk .30 .50 HE Unk Total

1967 Jan 3 2 5 5
Feb 1 3 4 4
Mar 1 1 2 2

1st Qtr Total 5 6 11 11

Apr 7 2 1 10 10
May 10 5 1 16 1 1 18
Jun 7 3 10 1 10

2nd Qtr Total 24 10 2 36 1 2 38

lt Half Total 29 10 8 47 1 2 49

Jul 8 1 9 9
Aug 9 2 11 11
Sep 15 2 17 2 19

3rd Qtr Total 32 5 37 2 39

Oct 11 1 12 12
Nov 18 9 27 27
Dec 9 2 1 12 12

4th Qtr Total 38 12 1 51 51

2nd Half Total 70 17 1 88 2 90

1967 Total 99 27 9 135 3 2 139

131

CONFIDENTIAL



CONFIDENTIAL

TABLE D-1I1 (C) NUIMBER OF SORTIES HIT - THREAT VERSUS MONTH (U)
(Cont'd)

.30
.30 Auto .30 All All

Year Month(s) Rifle Wpn Unk .30 .50 HE Unk Total

1968 Jan 1 17 18 1 19
Fvb 6 3 19 28 6 1 1 36
!03 6 6 12 2 14

Isc Qtr Total 12 4 42 58 8 2 1 69

Apr 2 22 24 3 2 28
Xay1 i 2 4 1 1 5
Jun 3 3 1 2 6.

2ad Qtr Total 1 3 27 31 5 5 39

1st Half Total 13 7 69 89 13 7 1 108

Jul 1 1 2 2
Aug 2 2 1 1 4
Sep 3 3 3

3rd Qtr Total 1 6 7 1 1 9

Oct 10 10 10
Nov 3 3 3
Dec 5 7 7 1i 1 20

4th Qtr Total 5 7 20 32 1 33

2nd Half Total 5 8 26 39 2 1 42

1968 Total 18 15 95 128 15 8 1 150
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TABLE D-1Il (C) NUMBER OF SORTIES HIT - THREAT VERSUS MONTH (U)
(Cont'd)

.30

.30 Auto .30 All All
Year Month(s) Rifle Wpn Unk .30 .50 HE Unk Total

1969 Jan 12 12 1 1 13
Feb 7 7 1 3 10
Mar 1 12 13 6 2 19

lst Qtr Total 1 31 32 8 6 42

Apr 4 4 2 2 7
May 2 2 1 2
Jun 1 2 1 4 1 5

2nd Qtr Total 1 2 1 10 3 3 14

1st Half Total 1 3 38 42 11 9 56

Grand Total 118 45 142 305 29 19 1 345*
(30 months)

*IncZudes nine sorties hit by mixed threats.
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'AHI.E l-I% (C) TO[AL HITS - TH1REAT VERbUS MONTH (U)

.30
.30 Auto .30 All All

Year Month(s) Rifle Wpn Unk .30 .50 HE Unk Total

19o7 Jan 3 4 7 7
Feb 1 3 4 4
Mar 1 4 5 5

1st Qtr Total 5 11 16 16

Apr II 7 1 19 19
May 16 14 1 31 7 1 39
Jun 16 8 24 2 26

2nd Qtr Total 43 29 2 74 7 3 84

Ist Half Total 48 29 13 90 7 3 100

Jul 10 2 12 12
Aug 11 3 14 14
Sep 21 3 24 2 26

3rd Otr Total 42 8 50 2 52

Oct 28 8 36 36
Nov 33 34 67 67
Dec 13 3 1 17 17

4th Qtr Total 74 45 1 120 120

2nd Half Total 116 53 1 170 2 172

1967 Total 164 82 14 260 9 3 272
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TABLE D-EV (C) 10TAL. HITS - THREAT VERSUS NUtNM (U) (Cunt'd)

.30
.30 Auto .30 All All

Year Month(s) Rifle Wpn Unk .30 .50 liE Unk Total

1968 Jan 22 27 49 1 50
Feb 13 18 46 77 16 27 1 121
Mar 7 8 15 3 18

Ist Qtr Total 20 40 81 141 19 28 1 189

Apr 9 55 64 18 12 94
Mav 1 2 5 8 1 22 31
Jun 4 4 1 3 8

2nd Qtr Total 1 11 64 76 20 37 133

1st Hqlf Total 21 51 145 217 39 65 1 322

Jul 1 1 2 2
Aug 4 4 1 2 7
Sep 4 4 4

3rd Qtr Total 1 9 10 1 2 13

Oct 21 21 21
Nov 6 6 6
Dec 5 13 15 33 1 34

4th Qtr Total 5 13 42 60 1 61

2nd Half Total 5 14 51 70 2 2 74

1968 Total 26 65 196 287 41 6i 1 396
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TABLE D-IV (C) TOTAL HITS - THREAT VERSUS MONTH (U) (Cont'd)

.30
.30 Auto .30 All All

Year Month(s) Rifle Wpn Unk .30 .50 HE Unk Total

1969 Jan 23 23 2 1 26
Feb 10 10 1 4 15

Mar 3 38 41 18 5 64

1st Qtr Total 3 71 74 21 10 105

Apr 16 16 25 7 48
May 3 3 1 4
Jun 2 3 2 7 2 9

2nd Qtr Total 2 3 21 26 26 9 61

1st Half Total 2 6 92 100 47 19 166

Grand Total - 192 153 302 647 97 89 1 834
(30 Months)
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rABLE D-V (C) FREQUENCY OF HIT MULTIPLES VERSUS THREAT (U)

Number of Hit Multiples

Caliber .30
Auto Cal HE Mixed

Hit Multiple Rifle Wpn Unk Total .50 Frags Cals Total

Unknown 1 2 3 3 1 7
One 83 15 82 180 11 6 197
Two 19 10 23 52 4 4 3 63
Three 7 5 15 27 2 1 30
Four 3 3 4 10 2 1 13
Five 1 2 2 5 5
Six 3 1 2 6 6
Seven 1 1 2 1 3
Eight 1 2 1 4 4
Nine 3 1 4 1 1 6
Ten 1 1 1 1 3
Eleven 1 1
Twelve 1 1
Thirteen 1 1
Over 15 1 2 3 1 1 5

Total 117 44 136 297 23 16 9 345

Percent

Caliber .30
Auto Cal HE Mixed

Hit Multiple Rifle Wpn Unk Total .50 Frags Cals Total

One 70.94 34.87 61.19 61.22 47.83 46.16 58.27
Two 16.24 23.25 17.16 17.69 17.39 30.77 37.50 18.63
Three 5.98 11.63 11.19 9.18 8.70 12.50 8.87
Four 2.56 6.98 2.99 3.40 8.70 7.69 3.85
Five 0.85 4.65 1.49 1.70 1.48
Six 2.56 2.33 1.49 2.04 1.78
Seven 2.33 0.75 0.68 4.35 0.89
Eight 0.85 4.65 0.75 1.36 1.18
Nine 6.98 0.75 1.36 4.35 12.50 1.78
Ten 0.75 0.34 7.69 12.50 0.89
Eleven 12.50 0.30
Twelve 4.35 0.30
Thirteen 12.50 0.30
Over 15 2.33 1.49 1.02 4.35 7.69 1.48

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE D-VI1 (C) DISTRIBUTION OF HITS VERSUS RANGE (U)

Number of Hits Received While Airborne:

Caliber .30 Cal
Range (Meters) Rifle Auto Wpn Unk Total .50 Other Total

Unknown 159 68 288 515 52 28 595
0 - so

51 - 100 2 44 46 20 66
101 - 200 5 17 4 26 26
201 - 300 3 4 1 8 8
301 - 400 1 1 2 2
401 - 500 4 1 5 5
501 - 600
601 - 700 5 2 1 8 4 12
701 - 800 1 2 3 12 15
801 - 900
901 - 1000 5 3 8 7 6 21

1001 - 1500 2 6 2 10 1 11
1501 - 2000 7 7 7
Over 2000 2 2 1 21 24

Total Airborne 189 153 298 640 97 55 792

Number of Hits Received While on Ground:

Unknown 3 - 4 7 - 34 42

Total Hits 192 153 302 647 97 89 834
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TA13LE D-VII (C) DISTRIBUTLON OF HLTS VERSUS RANG (U) (Cont'd)

Percent of Hits Received While A'.rborne:

Laliber .30 Cal
Range (Meters) Rifle Auto Wpn UTk Total .50 HE Total

0 - 50
51 - 100 6.67 51.75 36.80 46.44 33ý';l

101 - 200 16.67 20.00 40.00 20.80 1:$.20
201 - 300 10.00 4.71 10.00 6.40 4.06
301 - 400 3.33 1.18 1.60 1.02
401 - 500 13.33 1.18 4.00 2.54
501 - 600
601 - 700 16.67 2.35 10.00 6.40 8.89 6.09
701 - 800 3.33 20.00 2.40 26.67 7.61
801 - 900
901 - 1000 16.67 3.53 6.40 15.56 22.22 10.66
1001 - 1500 6.67 7.06 20.00 8.00 2.22 5.58
1501 - 2000 8.24 5.60 3.55
Over 2000 6.67 1.60 2.22 77.78 12.18

Total Airborne 100.00 100.00 130.00 100.00 100.00 100.00 100.00

Percent of Hits Received While on Ground:

Unknown 100.00 100.00 100.00 100.00 100.00 100.00 100.00
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TABLE D-VIII (C) DISTRIBUTION OF HITS VERSUS DIRECTION (U)
(Not on Ground)

Caliber .30 Cdl
Clock Direction Ritle Auto Wpn Unk Total .50 Other Total

11 4 32 36 8 6 50
12 5 4 2 11 I1 1 23
01 1 1 3 4

Subtotal 9 37 2 48 22 7 77

02 7 9 lb 16
03 17 3 16 ',6 19 2 57
04 2 10 1 13 23 36

Subtotal 26 22 17 65 19 25 109

C5 1 1 1
06 7 3 5 15 15
07 1 5 1 7 1 8

Subtotal 9 8 6 23 1 24

08 1 9 10 10
09 10 12 22 22
10 1 1 9 10

Subtotal 11 22 33 9 42

Directly Below 2 2 2

Unknown 124 59 232 415 43 12 470

Unspecified 8 5 41 54 3 11 68

Total 189 153 298 640 97 55 792

142

CONFIDENTIAL



CONFIDENTIAL

TABLE D-IX (C) DISTRIBUTION OF HITS ON MAJOR CH/HH-53
COMPARTMETS (U)

Calibzr .30 Cal

Compartments Rifle Auto Wpn Unk Total .50 Other Total

Cockpit 13 20 36 69 15 1 85

Tail Rotor Blade 3 3 6 12 2 1 15

Forward Fuselage 82 67 ill 260 50 47 357

Aft Fuselage 26 16 34 76 10 12 98

Unknown Fuselage 5 22 18 45 6 16 67

Hub 1 1 1

Blade 40 16 35 91 9 6 106

Unknown Main Rotor
Blade Section 17 17 2 19

Pylon Assembly 15 4 23 42 3 4 49

Landing Gear Aft 1 1 1

Unknown Other 1 1 1

Unspecified 6 5 21 32 3 35

Total 192 153 302 647 97 90 834
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HITS AND EFFECTS By SYSTEMS AND COMPONENTS (W)
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TABLE E-I (C) FUEL SYSTEM HITS AND RESULTS (U)

Known
Fuel System Number Fuel Mis& .on Forced
Component Hit of Hits Leaks Aborts Landings

Mjin Fuel Cellb 19 1 1
(self-sealing)

Auxiliary Tankb 4 4 2c -
(ncn-s.s.; HH-53B)

Fuel Supply Line 2 1 0 Id

Fuel Transfer Line 1 - - -

Heater Fuel Line 1 0 - -

Unknown Fuel Line 1 - - -

Fuel Vent Line 1 0 - -

Unknown Fuel Component 3a 1 - 3

Total 32 7 3 4

NOi•ES: a. All hits by CaZiber .30 weapons except one by Caliber 0.50
on unknown component.

b. Case 80008/Mission Abort involved three main cell hits,
three auxiliary tank hits. Fuol was lost from both drop
tanks, loss from main cello sraZZ, if any.

c. Case 70101/Mission Abort involved remaining auxiliary tank
and one fuZZ supply line hit. Fuel Zoat from auxiliary tank,
none from supply line.

d. Case 90020/Forced landing; fuel starvation of No. I engine
folZowed by single-engine flight to secure area.
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TABLE E-I1 (C) ENGINE COMPARTMENT HITS AND RESULTS (U)

Engine Components Number Mission Forced
Damaged of Hits Aborts Landings

Cowling 9

Exhaust Pipe 5

Air Particle Separator 4 1

oil Cooler I

Unknown Engine
Component 10 2

Total 29 1* 2

*1V1o power Zoos; mission abort due to incenoe ground fire.
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TABLE E-IV (C) HYDRAULIC SYSTEMS HITS AND RESULTS (U)

Adverse Reactions

Number Known mission Forced

lvdrau.lc System/Component Hit of Hits Leaks Aborts Landings

First Stage Hydraulic System:

Hydraulic Line 1 1 lla

Unknown Component 1 1 1

Total - First Stage 2 2 2

Second Staae Hydraulic System:
Ib ib

Hydraulic Line I b
Servocylinder
Unknown Component 1 1 1

Total - Second Stage 3 2 1 1

Utility Hydraulic System:

Hydraulic Line(s) 6 6

Tail Rotor Servocylinder 1 1 1

Reservoir 1

Heat Exchanger 1 1

Unknown Component 1 1

Total - Utility 10 9 1

Main Rotor Brake Reservoir 1 1

Unknown 3ystem/Component 2c 1

Total - All Hydraulic Systems 18 14 2 4

NOTES: a. Involved minor in-flight fire in tail section.

b. Servo and Line both hit bd unknown size AAM projectile frag-

ments in single incident (Case No. 80045).

c. Caliber .50 (Case No. 90044); all others ezcept Case 80045

were Caliber .30.

d. Case No. 90054: 37amm direct hit through aide over rrp

cauced loss of stage one and utility system -- Forced to

land in enemy territory and lost A/C; Cases 90027 and

90044 -- Forced to land due primarily to other systems

damage, recovered later.
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TABLE E-V (C) ELECTRICAL SYSTEM HITS AND RESULTS (U)

(Eleven hits - ten caliber .30 and one caliber .50)

Coumponent
Case No. Damaged Remarks

Wiring Hits:

70108 Wire bundle Bullet struck instrument panel main

wiring bundle and severed 16 wires.
Mission completed.

70114 Wire bundle Bullet passed through wire bundle at
station 104 during takeoff. Mission
completed.

70200 (1) Wire bundle Wires damaged. Mission completed.

70200 (2) Wire bundle Wires damaged. Mission completed.

80008 intercom wires Severed wires disabling HF and
intercom radios. Mission aborted
due to extensive damage by 22 total
hits.

80015 Wires Bullet cut three wires and lodged
in gunner's shoulder. Mission
completed.

80046 Minigun wires Bullet nicked minigun rate control
box wiring harness. Mission
completed.

80054 AFCS wires Caliber .50 bullet cut unknown
number of wires. Forced landing
(wheels up) due to other damage.

Component Hits:

70111 Pilot's Circuit/ Bullet penetrated panel and
Breaker Panel severed 12 wires. Mission com-

pleted.

80062 Copilot's Circuit/ Bullet expended in panel. Mission
Breaker Panel completed.

70127 Unknown Electrical Bullet hit compartment. Mission
compartment completed.
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TABLE E-VI (C) AVIONICS SYSTEMS HITS .ND RESULTS (U)

(Eight hits - all caliLer .30)

Component
Case No. Damaged Remarks

70103 HF antenna coupler Mission completed.

70121 ADF antenna Mission completed.

70132 UHIF antenna Bullet lodged in antenna. Mission
completed.

70149 Radio compartment Unknown effect. Mission completed.

70183 HF antenna coupler Coupler severed. Mission completed.

70228 Radio compartment Bullet passed through compartment
and lodged in nose gear firewall.
Mission completed.

70261 Radio compartment Unknown effect. Mission completed.

80075 Radio compartment Unknown effect. Mission completed.
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TABLE E-VII (C) INSTRUMENT SYSTEMS HITS AND RESULTS (U)

(Five hits - all caliber .30)

Component

Case No. Damaged Remarks

70266 Torque-meter and Mission completed.
Cruise-(uide

80008 J-4 Compass Bullet hit compass and dropped out
nose wheel well.

ID249 Indicator Bullet through windshield shattered
pilot's directional indicator.

APN 171 Altimeter Bullet smashed pilot's radar
altimeter.

Doppler radome Bullet smashed iowor rotating
beacon and passed through radome.
Mission Aborted due to wide-spread
damage.
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TABLE E-VIII (C) LANDING GEAR SYSTEM HIT AND RESULTS (U)

(Five hits - three caliber .30 and two caliber .50)

Component
Case No. Damaged Remarks

80005 Nose gear strut Caliber .30 bullet expended in
strut. Mission completed; safe
landing.

80008 Nose gear tire Caliber .30 bullet hit wheel and
and wheel lodged in co-rotating wheel.

Mission aborted fox other reasons;
safe landing.

80032 Left main gear Caliber .30 bullet entered in-
rim board rim and exited same. Mission

completed; no effect on landing.

90022 Right main gear Caliber .50 bullet hit right gear
strut strut. Mission completed; no

effect on landing.

90028 Left main gear Caliber .50 bullet passed through
strut left main gear oleo strut. Mission

completed; no effect on landing.
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TABLE E-IX (C) MISCELLANEOUS EQUIPMENT HITS AND RESULTS (U)

(Sixteen hits - all caliber .30)

Component Number of hits

Inert Cargo 3

Briefcase 1

Heater 1

Landing Lights 1

Static Discharge Unit 1

Cargo Hoist 2

Rotor Fairing 1

Heater Duct 1

Bracket 2

Unarmored Seats 2

M60 Machine Gun 1

Total 16
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